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NOTICE 
The example of an applied circuit or combination with other equipment shown 
herein indicates characteristics and performance of a semiconductor-applied prod- 


ucts. The Company shall assume no responsibility for any problem involving a patent 
caused when applying the descriptions in the example. 
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= 8-BIT MICROCOMPUTER HMCS6800 SINGLE-CHIP SERIES 
@ NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6801 SERIES 








































Tne We. 7068007 
Bus Timing (MHz) ee ee ee ee 1.0 1.25 1.25 
ea | oe 
ROM (k byte) = 
128 
3 
2 2 2 2 2 
sates 1 1 1 i satis 
Functions Free running counter 16-bit x 1 
Timer Output compare register 16-bit x 1 


scl 


Input capture 16-bit x 1 
Full double step-stop type 














External Memory Expansion 





Built-in Generator 
Built-in RAM Holding 





EPROM on the Package Type** 


Compatibility 
Reference Page 


* DC; Side-brazed Ceramic DIP, DP; Plastic DIP. 
** HD68P01M0O is useable. 


HD68P01SO0 
MC6801 


w 


oO 


Single-chip mode (Nil) 
Address/data non-multiple mode (256-byte) 
Address/data multiple mode (64k-by te) 


Address/data multiple mode 
(64k-by te) 





Present (Externally drivable) 
Possible (64-byte) 


HD68P01V05 
HD68P01V07 
- _ MC6803 MC6803-1 
73 73 107 





MC6801-1 


wW 
© 
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@ NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6805 SERIES 


Type No. HD6805X0" 
Ls [Supply Volpe (Vi —Ss~=“~*~sSC“‘czO CTO CTC TOO 
Characteristics O~ 470 
DP64s 
| ROMikbyte) Tt aa 
ee ee ee ees ee el es 96 
[ao | [| [2 | [2 22 
| vor Firms on se | 2 [es |] w[e a 
Oe [nse Wis) Ser tL hoe 16 
nS 
OC OO 
pO Sa tes Mee ee Ee ed 
(Eee RSET GET SOO (RT SASS REN SCG” So (OR 
Tserit 
Sea Present 
vimer [Event Counter | Present_| Present | Present | _Present__| Present 
eit Comperator |---| - | - | Present | _— 
[ tebie Divider «tS «dS dd dre 
[Alb Gonerter Cd dren 
Standby Memory en ee ee ee ee ee 
sci oe ee te a ere 
[Resistor _———+| ~Powsble | Powibie | Pompe | — ‘| —— 
Generator Possible 
Possible 
[Low-voltage Automatic Reset (Lvii | Present | _Present__| Present | Present | Present 
Present Present 
EPROM on the Package Type | = | Ecce VG? Berea | - 
Compatibility mossosra | TC CLC 
Reference Page 


* Under development 
** OP; Plastic OIP 
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@ CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES 
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Type No. HD6301V1 HD6301X0*|HD63A01 X0* | HD63B01X0*| HD6303R | HD63A03R | HD63B03R 
Bus Timing (MHz) 10 | 15 | 1.5 2.0 1.0 1.5 2.0 
LSI Supply Voltage ({V) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Charac- | Operating Temperature (°C) | 0 ~ +70 o~+70 | 0~+70 O~+70 | 0~+70 0~ +70 
pales VLE ae DP-40 DP-64S DP-64S DP-64S DP-40 DP-40 OP-40 
ge FP.54 FP-80 FP-80 FP-80 FP-54 FP.54 FP-54 
Venoy [ROM Teyer [4 | 4 a 4 : 
[RAM (byte) | 128 [ 128 | 192 192 192 128 128 128 
OPort | 29 24 24 24 13 RE 13 13 
1/0 Port | Input Port 2 | - 53 | 8 | 53/8 | 53 [8 | 13 [ — | 13 13 | - 
— Le Output Port = ~ 21 21 21 ee | _ 
ene 2 3 3 3 | 2 | 2 2 
ve 2 2 2 Zee 2 
Timer 3 5 5 5 3 ; 3 
fseris [a -[ 333 3 3 3 3 
Functions 16-bit x + 16-bit x 1 16-bit x 1 
Timer (with output comparator and input (with two output comparators and in- (with output comparator and input 
capture) put capture) capture) 
8-bit x 1 
Present (Asynchronous) Present (Asynchronous/synchronous) Present (Asynchronous) 
External Memory Expansion Possible (65k byte) Possible (65k byte) Possible (65k byte) 
@ Error detection ; @ Error detection : rr Error detection ; 
Sites Gosecitiniey”> | Ta pom erence, | a eee amenrtadi © | ee mee, cane 
7 @ Slow memory interface 
Reference Page 226 | 226 | 226 | 261 261 261 299 299 299 


* Under development 
** DP; Plastic DIP, FP; Plastic Flat Package 
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ee 





CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6305 SERIES 


Type No. HD6305X0* HD63A05X0* HD63B05X0* HD63LO5F1** 

Glock Frequency (MHz) ET 0. 
tsi Supply Voltage (V) fe Oe Oe 3.0 
Character- 





ae o~ +70 20 ~ +76 
FP-80 
[ ROMikbye) [Oo 4 OT 4 
ee ey eel ema eee eee eine 96 
| 32 | 32 | 32 20 
orn i — ~ 
| 6 | 6 | | 16 | (19) 
Se) ee Sees ee See ee eee 1 
Cees ee ee ee ee eee 1 
ci eee eee, ee ee ee ee eee 1 
Timer 8-bit x t (with Tit prescaler) _ 8-bitx 1 
15-bit x 1 (combined with SCI) (with 7-bit prescaler) 
| sch Present (Synchronous) Nit 
@ Low power consumption modes (Wait, stop and standby) @ 8-bit A/D converter 
@ LCD driver 


(6 x 7 segment) 

@ Low power consum- 
ption modes 
(Standby and halt) 


Reference Page 353 


Under development 
Preliminary 


Other Characteristics 





***OP; Plastic DIP, FP; Plastic Flat Package 



























































® 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON THE PACKAGE SERIES 
Type No. HD68P01S0 |HD68P01 05 | HO68P01V07 HD68P05V07 |HD63P01M1* |HD63PA01M1° |HD63PB01M1° 
Process NMOS | NMOS cmos 
Lst 
Character: Saber Y olevs {v) : 5.0 5.0 5.0 
istics Operating Temperature (°C) o~ +70 0~+70 0 ~ +70 
Package** OC-40P DC-40P DC-40P 
Fey ; HO6805U1 
quivalent Device H06801S0 HO6801V0 HD6B05V1 HD6301V1 | HD63A01V1 | HD63B01V1 
icantaiie HN462732 | HN462732-2 |HN482732A-25 
EPROM HN462716 | HN462532 | HN462732 HN462532 | HN462732 | HN482764-4| HN482764-3 | HN482764 
HN27C64* | HN27C64* |HN27C64° 
Wiles Foo 3ea_ | sea [| sea | 30a | 422 | a2 | aaa | aaa | aaa 





* Under development 
** DC; Side-brazed Ceramic DIP (EPROM on the package type) 
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= 8-BIT MICROCOMPUTER HMCS6800 MULTI-CHIP SERIES 


Division Old Type 










































LSI Characteristics 



















































Function 










































Compati- 






























Frequency | Voltage | Tempera- | Package bility 
ture (°C) 
HO6800 HD46800D | 1.0 | MC6800 
HpesAoo | HD468A00 | NMOS | 15 | -20~+75 Micro Processing Unit MC68A00 
HD6BB00 | HD468B00 MC68B00 
HD6802 HD46802 NMOS 1.0 -20~+75 | DCO | Microprocessor with Clock and RAM| MC6802 
Hosso2w |  ———~«| NMOS | 1.0 | -20~+75 | DP-40 | Microprocessor with Clock and RAM 
MPU | HD6B09 1.0 MC6B09 
Hoesacg9 | s«|_s«NMOS 15 -20~+75 | DOA | High-end Micro Processing Unit MC6BA09 
Hoess09 [| 2.0 MC68B09 
HD6B09E 1.0 MC6809E 
HD68A09E NMOS -20~+75 | DEAO | High-end Micro Processing Unit MC68A09E 
HOG6BBO9E 2.0 MC68BO9E 
HO6821 HD46821 _ 1.0 MC6821 
so a | 
HD6BA21__| HD468A21 | NMos [ 15 | -20~+75 | DCO | peripheral Interface Adapter MC68A21 
1 | HD468B21 MC68B21 
ar HD68B2 D468B2 | 20 | 68 
HD6321* 1.0 a 
HD63A21* CMOS 1.5 -20~+75 FP-54 Peripheral Interface Adapter 
HD63B21* 2.0 
HD6840 1.0 MC6840 
HD68A40 nmos | 15 | -20~+75 | 0C28 | programmable Timer Module MC68A40 
ety LHD68840 MC68B40 
HD6340°* 
HD63A40** -20~+75 | DP-28 | Programmable Timer Module 
HD63B40** 
HD6B843 HD46503S 1.0 DC-40 MC6843 
roc | | H6e43_| NMOS -20~+75 Floppy Disk Control 
HD6BA43__| HD46503S-1 15 | so | DP-40 le ie 
zB HD6844 HD46504 F104 Mc6844 
=| pmac [Hp6esaaa | HD46504-1 15 -20~+75 | BCA | Direct Memory Access Controller | MC68A44 
5 HO68B44 [| HD46504-2 | 20 | MC68B44 
= HO6845S HD46505S 
@|crtc | Hoesaass | HDa6505s-1] NMos [| 15 | -20~+75 | DE4o | CRT Controller 
HD68B45S 2.0 
comBo | HD6846 =|: HD46846 5.0 | -20~+75 | BOAO | Combination ROM 1/0 Timer Mc6846 
HD6850 HD46850 5.0 -20~+75 | OC-24 | Asynchronous Communications MC6850 
HD68A50__| HD468A50 ‘ DP-24 | Interface Adapter MC68A50 
ACIA | HD6350* 
HD63A50* $20=378 | OP ae | ee ee te munications 
HD63B50* 
HO6B52 HD46852 DC-24 MC6852 
SSDA -20~+7 Synch | Data Adapt ae | 
HD68A52 | HD468A52 5} pp.24 | S¥nchronous Serial Data Adapter hice g a5? 
HD46508 ___| 
HD46508-1 
ADU ae : -20~+75 | DP-40 | Analog Data Acquisition Unit [= 
HD46508A 
HD46508A-1 _| 
SS ts fone a 
RTC HD146818 cmos | 1.0 | 0~+70 | DP-24 | Real Time Clock Plus RAM MC146818 
* Preliminary 


** Under development 


***DP; Plastic DIP, DC; Side-brazed Ceramic DIP, FP; Plastic Flat Package 
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Page 
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535 
568 
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620 
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648 
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ee 
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@ 16-BIT MICROCOMPUTER HMCS68000 SERIES 


Type No. 


HD68000-4 
HD68000Y4* 


HD68000-6 
HO68000Y6* 


HD68000-8 
HD68000Y8* 


H068000-10* 
HO6S8000Y 10° 


HD68000-12* 
HD68000Y 12* 


HD68450-4* 
H0D684560-6° 
HD68450-8* 
HD68450-10* * 


* Preliminary 





Process 


** Under development 
“**DC;Side-brazed Ceramic DIP, PGA; Pin Grid Array 
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Clock 
Frequency 
(MHz) 


LSI Characteristics 





Operating 
Tempera- 
ture (°C) 


aan 
Package 


DC-64 


PGA.68 Micro Processing Unit 


Direct Memory Access Controller 
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Compatibility 


MC68000L4 
MC68000L6 


MC68000L8 
MC68000L 10 


MC68000L 12 










Reference 
Page 


819 
819 
819 
819 


819 


898 
898 
898 
940 


PACKAGING INFORMATION 


Types which have side-brazed ceramic DIP and plastic DIP 
package. 





The Hitachi Microcomputer LSIs are classified into 4 package 
types; plastic DIP, side-brazed ceramic DIP, plastic flat package 
and PGA (Pin Grid Array) package, according to the type 
of material and outline used for the package. Therefore, after 
taking the operating environment and other conditions into 
consideration, please choose the optimum package type. In 
regard to the types which have two package materials, please 
define clearly when ordering the package material code (C or P). 








Plastic DIP 





Side-brazed Ceramic DIP 





Single-chip LSt HD68XXC 


HD68XXP 









Multi-chip LS! nIQE No indication 


Types which have plastic DIP and plastic flat package. 






Plastic DIP Plastic Flat Package 


HD63XXF 





HD63XXP 
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PACKAGING INFORMATION ———________________—————_ OO 


= PACKAGING INFORMATION (Dimensions in mm) 
@ SIDE-BRAZED CERAMIC DIP 


DC-28 


eDC-24 


2 
a 
° 

rd 
s 
o 
x 










1490 §.06max | 2.64min 





5.06max |2.54min 
{ man 2.6 


020 038 haa 0.20~0.38 


@ @DC-40P (EPROM on the package type) 














- { 
5.06max | 2.54min 
020 038 
16.24 ~~ 


eDC-64 





32 : 
tom 22.56 — 


r 16.420.3 ~ 





0.20~0.38 
22.86 


Applicable LSIs 
DC-24 HD6850, HD68A50, HD6852, HD68A52 
DC-28 HD6840, HD68A40, HD68B40 


HD6801S0C, HD6803C, HD6800, HD68A00, HD68B00, HD6802, HD6809, HD68A09, HD68B09, HD6809E, 
DC-40 HD68A09E, HD68B09E, HD6821, HD68A21, HD68B21, HD6843, HD68A43, HD6844, HD68A44, HD68B44, 


HD6845S, HD68A45S, HD68B45S, HD6846 
DC-40P | HD6SP01S0, HD68P01V05, HD68P01V07, HD68P01MO, HD68P05V05, HD68P05V07, HD63P01M1, HD63PA01M1, HD63PB01M1 
HD68000-4, HD68000-6, HD68000-8, HD68000-10, HD68000-12, HD68450-4, HD68450-6, HD68450-8, HD68450-10 
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——— PACKAGING INFORMATION 





@ PLASTIC DIP 


-54+0.25 - — 0.4840.10: 
2.54+0.25 + > 0.4840.106 = 


0.6 tmin-aibe 
: 


5.8max b—aLe. 
2.84min 


0.20~0.38 


~ 0.482 0.10 











| DP-24 | HD6850P, HD68A50P, HD6852P,, HD68A52P, HDG350P, HD63A50P, HD63B50P, HD146818P 
DP-28 HD6805S1P, HD6840P, HDG8A40P, HD68B40P, HD6340P, HD63A40P, HD63B40P 


HD6801S0P, HD6801S5P, HD6801V0P, HD6801V5P, HD6803P, HDG6803P-1, HD6805U1P, HD6805V1P, 
HD6805WOP, HD6301V1P, HD63A01V1P, HD63B01V1P, HD6303RP, HD63A03RP, HD63B03RP, HD6800P,: 
HD68A00P, HDG68B00P, HD6802P, HDE802WP, HD6809P, HD68A09P, HDG8B09P, HDG809EP, HD68A09EP, 
HD68BO09EP, HD6821P, HD68A21P, HD68B21P, HD6321P, HD63A21P, HD63B21P, HD6843P, HD68A43P, 
HD6844P, HD68A44P, HD68B44P, HD6845SP, HD68A45SP, HD68B45SP, HD6846P, HD46508P, HD46508P-1, 
HD46508PA, HD46508PA-1 


DP-64S HD6805X0P, HD6301X0P, HD63A01X0P, HD63B01X0P, HD6305X0P, HD63A05X0P, HD63B05X0P 
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PACKAGING INFORMATION 





@ PLASTIC FLAT PACKAGE 


19.6+0.4 




















Applicable LSIs 


HD6301V1F, HD63A01V1F, HD63B01V1F, HD6303RF, HD63A03RF, HD63B03RF, HD6321FP, HD63A21FP, 
HD63B21FP 


FP-80 HD6301X0F, HD63A01X0F, HD63B01X0F, HD63L05F 1 


FP-54 





e PGA(PIN GRID ARRAY)PACKAGE 


@ PGA-68 





OO 
a oes | | 
mOACAE 
= 


©) 

















Applicable LSls 


HDG68000Y4, HD68000Y6, HDG8000Y8, 
HD68000Y 10, HDG8000Y 12 
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I A PACKAGING INFORMATION 


® MARKING There are two kinds of marking. One has a new ordering 

Marks of 8-bit multi-chip microcomputer LSIs are changed No. (Case I) and the other has both new and old ordering No. 
from HD468XxX (old type number) to HD68XX (standard (Case II). Case I is applied to the LSI which has only new 
number). But as for original products of Hitachi, the type ordering No. and Case II is applied to the LSI which has both 
numbers are not changed. Ordering No. 


Case I (Indicated an ordering No.) Case Hl (Example of marking on Single-chip) 
(b) 


2 —&_, a 

© ice ©@2A2 

*~HD6E809P eHDESOUSOP 
» JAPAN » AOO «ARAN 


Case Il (Indicated a New & Old ordering No.) 


@) aoeees eee 
© 1108 
“HDA —_—" 
oJABAIN 


» HDBB4SSEP 













Hitachi mark 
Lot Code 

New type No. 
Japan mark 
Old type No. 
ROM Code 
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QUALITY ASSURANCE 


1. VIEWS ON QUALITY AND RELIABILITY 


Basic views on quality at Hitachi are to meet the 

individual uers’ required quality level and maintain a 

general quality level equal to or above that of the 

general market. The quality required by the user may 

be specified by contract, or may be indefinite. In either 

case, efforts are made to assure reliable performance 

in actual operating circumstances. Quality control 

during the manufacturing process, and quality aware- 

ness from design through production lead to product 

quality and customer satisfaction. Our quality assur- 

ance technique consists basically of the following 

steps: 

(1) Build in reliability at the design stage of new 
product development. 

(2) Build in quality at all steps in the manufacturing 
process. 

(3) Execute stringent inspection and reliability con- 
firmation of final products. 

(4) Enhance quality levels through field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 


With the views and methods mentioned above, 
utmost efforts are made to meet users’ requirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Targets 

The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade- 
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 

(1) End use of semiconductor device. 

(2) End use of equipment in which device is used. 
(3) Device manufacturing process. 

(4) End user manufacturing techniques. 

(5) Quality control and screening test methods. 

(6) Reliability target of system. 


2.2 Reliability Design 
The following steps are taken to meet the reliability 
targets: 
(1) Design Standardization 
As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 





design, device design, layout design, etc. There- 
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require- 
ments imposed by functional needs. 


(2 


— 


Device Design 

It is important for the device design to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous technical studies are conducted prior to 
device development. 


(3 


— 


Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC’s and LSI 
devices which have complicated functions. 


The objectives of Functional Test are: 

@ Determining the fundamental failure mode. 

@ Analysis of relation between failure mode and 
manufacturing process. 

@ Analysis of failure mechanism. 

@ Establishment of QC points in manufacturing 
process. 


2.3 Design Review 

Design Review is an organized method to confirm that 

a design satisfies the performance required and 

meets design specifications. In addition, design review 

helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 

Items discussed and considered at design review are: 

(1) Description of the products based on design 
documents. 

(2) From the standpoint of each participant, design 
documents are studied, and for points needing 
clarification, further investigation will be carried 
out. 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Check process and ability of manufacturing line to 
achieve design goal. 

(5) Preparation for production. 

(6) Planning and execution of sub-programs for 
design changes proposed by individual specialists, 
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for test, experiments, and calculations to confirm 
the design changes. 

(7) Analysis of past failures with similar devices, dis- 
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 


3. QUALITY ASSURANCE SYSTEM 


3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 

are as follows: 

(1) Problems in each individual process should be 
solved in the process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis- 
factory level of ability process. 


3.2 Quality Approval 
To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 


QUALITY ASSURANCE 


design, as described in section 2. Our views on quality 
approval are: 


(1) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 


3.3 Quality and Reliability Control at Mass 
Production 

Quality control is accomplished through division of 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 


Step 
Target 
Specification 


Design 
* Trial 


Production Approval 


Characteristics Approval 


Quality Approval (1) 


Quality Approval (2) 


Materials, Parts 


Contents 


Design Review 


Characteristics of Materia! and 
Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 


Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others , 
Appearance, Dimension 


Reliability Test 
Life Test 
Therma! Stress 
Moisture Resistance 
Mechanical Stress 
Others 


Reliability Test 
Process Check same as 
Quality Approval (1) 


Fig. 1 Flow Chart of Quality Approval 
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Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Confirmation of Quality 
and Reliability in Design 


Confirmation of Quality 
and Reliability in Mass 
Production 
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Process 


Material, Parts 


Material, 
Parts 
Inspection of 
Material and Parts 


ee ee 


! ia 
| ; | 
| | 
| | 
) [ 
| | 
| | 
| | 


100% Inspection 


Products 
Products 
Inspection 


Lot 
Assurance 
Test 


Receiving 


- 
| 


Customer 


Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 


Quality Control 


Inspection on Material and 
Parts for Semiconductor 


Devices 


Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 


Inner Process 
Quality Control 


100% Inspection on 
Appearance and Electrical 


Characteristics 


Sampling Inspection on 
Appearance and Electrical 
Characteristics 


Reliability Test 


Quality Information 
Claim 
Field Experience 
General Quality 
Information 
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Lot Sampling, 
Confirmation of 


Quality Level 


Confirmation of 
Quality Level 


Lot Sampling, 
Confirmation of 
Quality Level 


Testing, 


Inspection 


Lot Sampling 


Confirmation of 
Quality Level, Lot 
Sampling 


Feedback of 


Information 








3.3.1 Quality Control of Parts and Materials 

As semiconductor devices tend towards higher per- 
formance and higher reliability, the importance of 
quality control of parts and materials becomes para- 
mount. Items such as crystals, lead frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi- 
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur- 
chase specification and drawing. The sampling is exe- 
cuted based mainly on MIL-STD-105D. 


The other activities of quality assurance are as 
follows: 

(1) Outside vendor technical information meeting. 
(2) Approval and guidance of outside vendors. 

(3) Chemical analysis and test. 


The typical check points of parts and materials are 
shown in Table 1. 


@ Table 1 Quality Control Check Points of Material 
and Parts (Example) 


Material, Important 
Parts Control Items 


Appearance 


Point for Check 


Damage and Contamina- 
tion on Surface 








































Dimension Fiatness 
wae Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 
Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Fine Appearance Contamination, Scratch, 
Wire for ; : Bend, Twist 
Wire Dimension ; 
Bonding Purity Purity Level 
Elongation Ratio | Mechanical Strength 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 
Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 
Composition Characteristics of 
Plastic Material 
Electrical 
Sart 
P erma 
Dae Characteristics 
Molding : Molding Performance 
Performance 
Mounting Mounting Characteristics 


Characteristics 
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3.3.2 Inner Process Quality Control 

inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 


(1) Quality Control of Semi-final Products and Final 

Products 

Potential failure factors of semiconductor devices 

are removed in the manufacturing process. To 

achieve this, check points are set-up in each pro- 

cess and products which have potential failure 

factors are not moved to the next process step. 

Manufacturing lines are rigidly selected and tight 

inner process quality controls are executed—rigid 

checks in each process and each lot, 100% inspec- 

tion to remove failure factors caused by manufac- 

turing variables and high temperature aging and 

temperature cycling. Elements of inner process 

quality control are as follows: 

® Condition control of equipment and workers 
environment and random sampling of semi- 
final products. 

@ Suggestion system for improvement of work. 

@ Education of workers. 

@ Maintenance and improvement of yield. 

@ Determining quality problems, and implement- 
ing countermeasures. 

@ Transfer of quality information. 


(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en- 
couraged. Maintenance Systems maintain opera- 
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica- 
tions are checked one by one to maintain and 
improve quality. 


(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 
The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum- 
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stances such as temperature, humidity and dust, 
’ and the control of submaterials, like gas, and pure 
water used ina manufacturing process, are inten- 
sively executed. . 


Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 





attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment, and periodic inspection of floating dust 
concentration. 


3.3.3 Final Product Inspection and Reliability 


Assurance 


(1) Final Product Inspection 


Lot inspection is done by the quality assurance 


Process 
Purchase of Material 





Wafer 
Surface Oxidation Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist Photo 
Resist 
Inspection on Photo Resist 
© PQC Level Check 
Diffusion Diffusion 
Inspection on Diffusion 
© PQC Level Check 
Evaporation Evapo- 
ration 
Inspection on Evaporation 
©PQC Level Check 
Wafer Inspection Wafer 
Inspection on Chip Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 
OPQC Lot Judgement 
Assembling Assembling 
©PQC Level Check 
Inspection after 
Assembling 
©PQC Lot Judgement 
Sealing Sealing 
OPQC Level Check Marking 


Final Electrical Inspection 
Failure Analysis 


Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 


Shipment 


Control Point 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 

Gate Width 

Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vtu Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Fig. 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(Vu, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 

Bonding 

Quality Check of Wire 

Bonding 

Prevention of Open and 
hort 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 











QUALITY ASSURANCE 


department for products which were judged good quality factors. Lot inspection is executed based 
in 100% test ... the final process in manufac- on MIL-STD-105D. 

turing. Though 100% yield is expected, sampling (2) Reliability Assurance Tests 

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices, 
product by mistake. The inspection is executed not reliability tests and tests on individual manufac- 
only to confirm that the products have met the turing lots that are required by the user, are peri- 
users’ requirements but also to consider potential odically performed. 








Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 
Quality Assurance Dept. 















Failure Analysis 













; Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
Countermeasure 









Follow-up and Confirmation 
of Countermeasure Execution 


ak Assurance Dept. ; 


Sales Engineering Dept. 


Reply 


Customer 


Fig. 4 Process Flow Chart of Field Failure 
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RELIABILITY TEST DATA OF MICROCOMPUTERS 





1. INTRODUCTION 

Microcomputers provide high reliability and quality to meet 
the demands of increased function, enlarging scale, and widening 
application. Hitachi has improved the quality level of micro- 
computer products by evaluating reliability, building quality 
into the manufacturing process, strengthening inspection tech- 
niques, and analyzing field data. 

The following reliability and quality assurance data for 
Hitachi 8-bit and 16-bit microcomputers indicates results from 
test and failure analysis. 


2. PACKAGE AND CHIP STRUCTURE 
2.1 Packaging 

Packages are classified into two general types—hermetically 
sealed metal or glass, and plastic molded. Hitachi 8-bit micro- 
computers are produced in plastic or side-brazed ceramic 
packages. 

Selection of packaging should be based on such system related 


factors as application, environment, reliability requirements, 
and cost. In commercial field applications, analysis indicates that 
failure rates are relatively equal between plastic and hermetically 
sealed package types. In tests for leakage, however, hermetically 
sealed packaging guarantees 100% reliability, while plastic pack- 
aging may exhibit moisture absorption or permeation, due to 
poor screening technology. 

Hitachi recommends the use of hermetically sealed packaging 
for systems which require high reliability and high durability in 
severe conditions. 

Production output and application of plastic packaging con- 
tinues to increase, expanding to automobile measuring and con- 
trol systems, and computer terminal equipment operating under 
severe conditions. To meet this demand, Hitachi has significantly 
improved moisture resistance and operational stability in the 
plastic manufacturing process. 

Plastic and side-brazed ceramic package structures are shown 
in Figure | and Table 1. 


(1) Side-brazed Ceramic {2) Plastic DIP | (3) Plastic Flat Package 


Bonding wire 


Plastic 





Figure 1 Package Structure 


Table 1 Package Material and Properties 


Plastic DIP 


Item Side-brazed Ceramic Plastic Flat Package 





_ Package Alumina Epoxy 
Lead Tin plating Brazed Alloy 42 Solder plating Alloy 42 
set «d| AS lloy | NA dN 
Die bond - Au-Si Au-Si or Ag paste Au-Si or Ag paste 
Wire bond Thermo compression Thermo compression 
we | A SC—~S Cd 
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2.2 Chip Structure 
The HMCS6800 family is produced in both NMOS and low to achieve high reliability and density. Chip structure and basic 


power CMOS technologies, with Si-gate process applied in both circuitry are shown in Figure 2. 


Si-Gate N-channel E/D Si-Gate CMOS 








PSG Al Gate 
AES 
hay 
Drain Source Drain Source SiO, Source Drain 
FET1 FET2 FET2 








N-channel P-channel 
DMOS EMOS 
N-channel 
N-channel EMOS 
EMOS 











Figure 2 Chip Structure and Basic Circuit 


3. QUALITY ASSURANCE AND EVALUATION 
3.1 Reliability Test Methods 
Reliability test methods indicated in Table 2 qualify and evaluate both new products and new processes. 


Table 2 Reliability Test Methods 








Test Items Test Condition MIL-STD-883B Method No. 
Operating Life Test 125°C, 1000hr 1005,2 
High Temp, Storage Tstg max, 1000hr 1008, 1 
Low Temp, Storage Tstg min, 1000hr 
Steady State Humidity 65°C 95%RH, 1000hr 
Steady State Humidity Biased 85°C 85%RH, 1000hr 
Temperature Cycling -55°C ~ 150°C, 10 cycles 1010,4 
Temperature Cycling -20° C~ 125° C, 200 cycles 
Thermal Shock 0°C ~ 100°C, 100 cycles 1011,3 
Soldering Heat 260°C, 10 sec ; 

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2 
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1 
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1 
Constant Acceleration 20000G, 1 min/X, Y, Z 2001 ,2 
Lead Integrity 225gr, 90° 3 times 2004,3 
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3.2 Reliability Test Results 
3.2.1 Dynamic Life Tests 

Reliability is evaluated by dynamic life test, and results for the on this data, the 70°C failure rate is determined at 0.007%/ 1000 
HMCS6800 microcomputer family are shown in Table 3. Based hrs. (confidence level 60%, activation energy 0.7eV). 


Table 3 Dynamic Life Test Result 





Device Sample Size Component Hour Failure 
HD6301 92 ; 92000 0 
HD63L05 40 40000 0 
HD68P01 22 22000 0 
HD68P05 22 22000 0 
HD6800 248 248000 0 
HD6802 452 153712 1 
HD6809 85 85000 0 
HD6801 146 146000 0 
HD6803 45 45000 0 
HD680 114 114000 ; 0 
MPU Total 1266 967712 1 
HD6821 399 266368 1 
HD6850 168 158000 0 
HD6852 170 125816 0 
HD6846 69 69000 0 
HD6843 66 55000 0 
HD6844 80 69000 0 
HD6845S 88 55000 0 
HD6840 64 64000 0 
HD46508 140 140000 0 
HD146818 44 44000 0 

Peripheral Total 1278 1046184 1 
Total 2544 2013896 2 





3.2.2 Temperature-Humidity Bias Test 
Results of moisture resistance testing of plastic packaging is given in Table 4. 


Table 4 85°C/85%RH Bias Test Result 








Device Sample Size Component Hour Failure 
MPU 242 242000 0 
Peripheral 226 204000 0 
~~. Total its 468 446000 0 





3.2.3 Storage Life Test 

Table 5 and 6 indicate effects of storage at high temperature, 
low temperature, or high humidity without bias. 
(1) Plastic Package 


Table 5 Storage Life Test on Plastic Package 


Test items Condition Sample Size Failure 


High Temp, High Humidity 65°C/95%RH, 1000hrs 1032 0 
High Temp, High Humidity 80°C/90%RH, 1000hrs 88 0 
High Temp, High Humidity 85°C/95%RH, 1000hrs 394 2 
Presser Cooker 2atm 121°C, 100hrs 266 0 
High Temp, Storage Ta = 150°C, 1000hrs 85 0 
Low Temp, Storage Ta = -55°C, 1000hrs 34 0 
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(2) Side-brazed Ceramic Package 


Table 6 Storage Life Test on Side-brazed Ceramic Package 








Test Items Condition Sample Size Failure 
High Temp, High Humidity 65°C/95%RH, 1000hrs 90 0 
High Temp, Storage Ta= 150°C, 1000hrs 313 0 
Low Temp, Storage Ta =-55°C, 1000hrs 86 0 





3.2.4 Mechanical & Environmental Testing 


Table 7 Mechanical & Environmental Test Results 


Plastic Side-brazed Ceramic 
Test Item Condition 
Sample Size Failure Sample Size Failure 

















Temperature Cycling -55°C ~ 150°C 10 cycles 0 4920 1 
-55°C~ 150°C 200 cycles 1 359 0 

Thermal Shock 0°C~ 100°C 10 cycles 0 175 0 

Soldering Heat 260°C, 10sec 0 177 0 

Mechanical Shock 1500G 0.5 msec 0 189 0 
3 times/X, Y, Z 

Vibration Fatigue 60Hz, 20G 0 167 0 
32hrs/X, Y, Z 

Vibration Variable Freq. 20 ~ 2000Hz 20G 0 167 0 
4 min/X, Y, Z 

Lead Integrity Bending Tention Fatigue 0 102 pins 0 

3.3 Reliability Test Results on 16-bit MPU 
Table 8 Reliability Test Results on 16-bit MPU HD68000 (Side-brazed Ceramic) 

Test Items Condition Sample Size Failures 
Operation Life Test (1) Ta= 125°C, Vec = 5.5V 1000hrs 30 0 
Operation Life Test (2) Ta= 150°C, Vee = 5.5V 1000hrs 20 0 
High Temperature Storage ’  Ta= 295°C, 1000hrs 20 0 
Temperature Cycling (1) -55°C ~ 150°C, 10 cycles 105 0 
Temperature Cycling (2) ' -20°C ~ 125°C, 500 cycles 45 0 
Thermal Shock -55°C ~ 125°C, 15 cycles 22 0 
Soldering Heat 260°C, 10 sec 22 0 
Mechanical Shock 1500G, 5 msec 3 times/X, Y, Z 22 0 
Vibration Variable Freq. 20G, 100 ~ 2000Hz 3 times/X, Y, Z 22 0 
Constant Acceleration 20000G, 1 min/X, Y, Z 22 0 
Solderability 230°C, 5 sec 22 0 
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RELIABILITY TEST DATA OF MICROCOMPUTERS 


4. FIELD DATA REGARDING QUALITY 

Field failure rates are estimated in advance through produc- 
tion process evaluation and reliability testing. Actual field failure 
data is carefully analyzed by Hitachi, and results are expedited to 
design and production divisions to improve product quality. 


Failure analysis of field data on 8-bit microcomputers is shown 
in Figure 3. 










Damaged by 
Excessive Voltage 
and/or Current 


(26.2%) 







Good Devices 
(46.5%) 









Assembly 
4.6%) 
Marginal 
(9.8%) 












Chip Visual (2.1%) 
Poor Functional 
Test Pattern (1.0%) 






Figure 3 Failure Analysis Result 


5. PRECAUTIONS 

8.1 Storage 

To prevent deterioration of electrical characteristics, soldera- 

bility, appearance or structure, Hitachi recommends semicon- 

ductor devices be stored as follows: 

(1) Store in ambient temperatures of 5 to 30° C, with a relative 
humidity of 40 to 60%. 

(2) Store in a clean, dust- and active gas-free environment. 

(3) Store in conductive containers to prevent static electricity. 

(4) Store without any physical load. 

(5) When storing devices for an extended period, store in an 
unfabricated form, to minimize corrosion of pre-formed lead 
wires, 

(6) Unsealed chips should be stored in a cool, dry, dark and 
dust-free environment. Assembly should be performed 
within 5 days of unpacking. Devices can be stored for up to 
20 days in dry nitrogen gas with a dew point at -30° C or less. 


5.2 Transportation 

General precautions for electronic components are applicable 
in transporting semiconductors, units incorporating semicon- 
ductors, and other similar systems. In addition, Hitachi recom- 
mends the following: 

(1) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. Use con- 
tainers or jigs which will not induce static electricity as a 
result of vibration. Use of an electrically conductive con- 
tainer or aluminum foil is recommended. 

(2) To prevent device deterioration from clothing-induced static 
electricity, workers should be properly grounded while han- 
dling devices. Use of a 1M ohm resistor is recommended to 
prevent electric shock. 





(3) When transporting printed circuit boards containing semi- 
conductor devices, suitable preventive measures against 
static electricity must be taken. Voltage build-up can be 
avoided by shorting the card-edge terminals. When a belt 
conveyor is used, apply some surface treatment to prevent 
build-up of electrical charge. 


5.3 Handling During Measurement 

Avoid static electricity, noise and voltage surge when meas- 
uring or mounting devices. Precaution should be taken against 
current leakage through terminals and housings of curve tracers, 
synchroscopes, pulse generators, and DC power sources. 

When testing devices, prevent voltage surges from the tester, 
attached clamping circuit, and any excessive voltage possible 
through accidental contact. 

In inspecting a printed circuit board, power should not be 
applied if any solder bridges or foreign matter is present. 


5.4 Soldering 

Semiconductor devices should not be exposed to high temper- 
atures for excessive periods. Soldering must be performed con- 
sistent with temperature conditions of 260°C for 10 seconds, 
350° C for 3 seconds, and at a distance of ! to 1.5mm from the end 
of the device package. 

A soldering iron with secondary voltage supplied through a 
grounded transformer is recommended to protect against 
leakage current. Use of alkali or acid flux, which may corrode the 
leads, is not recommended. 


5.5 Removing Residual Flux 

Detergent or ultrasonic removal of residual flux from circuit 
boards is necessary to ensure system reliability. Selection of 
detergent type and cleaning conditions are important factors. 

When chloric detergent is used for plastic packaged devices, 
care must be taken against package corrosion. Extended 
cleaning periods and excessive temperature conditions can cause 
the chip coating to swell due to solvent permeation. Hitachi 
recommends use of Lotus and Dyfron solvents. Trichloroethy- 
lene solvent is not suitable. 

The following conditions are advisable for ultrasonic cleaning: 
e@ Frequency: 28 to 29 k Hz (to avoid device resonation) 
@ Ultrasonic output: 1SW/1 
e Keep devices from making direct contact with power 

generator 

e Cleaning time: Less than 30 seconds. 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER 





The cross assembler and the hardware simulator using various delivered as the LSI by the company. _ 
types of computer are prepared by the company as supporting Fig. 1 shows the typical program design procedure and Table 
systems to develop user’s programs. 1 shows the system development support tools for 8-bit single- 
User’s programs are mask programed into the ROM and chip microcomputer family which are used in these processes. 


Allocation of 
RAM and 1/0 











Text Editor / CRT Editor 
Evaiuation Kit 
H68SD5 
@ Intel MDS 
PDP-11 
VAX-11 
3 (BM370 


~~ Cross Assembler 


Evaluation Kit 
H68SD5 

Intel MDS 
POP-11 
VAX-11 
IBM370 





Hardware 


Simulation i ee Evaluation Kit 
Evaluation Board 
H68SD5 
EPROM on the Package 
HD68P01S0 
HD68P01V05 
Yes HD68P01V07 
HD68P05V05 
HD68P05V07 
HD63P01M1 

























(Explanation) 


Yes 
Peden @ When the user programs the system, the predetermined functions are 
assigned to the 1/O pin and the RAM before the programming. 
@ A flow chart is designed to achieve the predetermined functions and the flow 
chart is coded by using the prenumeric code. 


@) The coded flow chart is punched into the card or the paper tape or written into 
the floppy disk, to generate a source program. 


©) The source program is assembled by the resident system (evaluation kit) or the 
cross system, to generate the object program. In this case, errors during 
the assembling are also detected. 


® Hardware simulation is performed to confirm the program, 
The company provides three kinds of hardware, H68SD5, the evaluation kit and 
the evaluation board. The consumers are able to choose the best suitable tool. 


© The completed program is sent to the company in the form of EPROM or the 
object tape. 


@) Options such as ROM is masked by the company, LSI is testatively produced 
and the sample is handed in to the user. After the user has evaluated the 
sample and confirmed that the program is correct, mass production is 
started. 


Figure 1 Program Design Procedure 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER 


Table 1 System Development Support Tools 


Gross System 
Type No. Evaluation EPROM on _ | H68SD5 + Emulator Set intel PDP-11/ 
evaluation Kit | Kit the Package (Hardware + Software) 1aMis70 MDS220/230 |VAX-11 
— EVT2 erswate) 
HD6801S0 H61EV01 HD68P01S0 H68SD5 + H61MIX1 
S61MIX2- R (Software) 





H61EVT2 (Hardware) 
HD68P01V05 

HD6801V0 + H61EVO01 H68SD5 + H61MIX1 O 
S61MIX2-R (Software) reer | HbsaeaIV7 soos tM 
H65EVT2 (Hardware) 

HD6805S1 + H68SD5 + H65MIX1 - 
S65MIX1-R (Software) 

Hpesosu1 | H65EVT2 (Hardware) HD68P05V05 

HD6805V1 * HD6sPO5v07 | H68SD5 + HE5MIXx1 . 
S65MIX1-R (Software) 
H65EVT3"* _{ierawere) 

HD6805WO0 H68SD5 + H65M1X2* - 
S65MIX1- oe a 

HD6805X0 | - |[Hessp5+ +» | + - 
a EVT1 unavawers) 

HD6301V1 H31EVO00 HD63P01M1"* | H68SD5 + H31MIX1 e) 
S$31MIiX1- R io 

HD6301X0 EE + MBS ES O 


HD6305X0 | —  |Heasp5+ =» | + - 


aoe a 
HD63L05F1 H3L5EVO00* H68SD5 + H3L5MIX1* 


* Under development 


t 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER 


= SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM 


The H68SD5 is a development system for Hitachi 4-bit 
and 8-bit single-chip microcomputers. 

It is an all-in-one type compact HD6800 based CRT/Key 
board microcomputer terminal with two Floppy disk drivers 
and has standard interface for the TTY (RS-232C or TTL level) 


and printer (Centronics parallel interface). The EPROM Writer is 
optionally available. 


Features 


® Supports the system development for 8-bit and 4-bit single 
chip microcomputers 


System Configuration 


H68SD5 





Disk based low cost system 

Provides the CRT Editor, Assembler, Emulator and EPROM 
Writer controlled by FDOS-III 

56k-byte RAM 

Allows linking between the H68SD5 and the I/O devices 
(TTY and Printer) 


Easy to debug user’s prototype system using the Emulator 
Module 





EPROM Writer 





8-bit single-chip micro- 
Emulator Module {computer family 


HMCS4O series 
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8-BIT MICROCOMPUTERS FOR 
INDUSTRIAL APPLICATION 


For industrial application which needs wider operating and the 8-bit multi-chip microcomputers. 
temperature range (from -40°C to +85°C), Hitachi has the fol- “J” indicates industrial grade devices(Example HD6801SOP3J). 
lowing devices for both the 8-bit single-chip microcomputers 





® 8-BIT SINGLE-CHIP MICROCOMPUTER CHARACTERISTICS 


HD6301V1PJ* 
Type No. HD6801SO0PJ HD6801VOPJ HD6803PJ HD6805S1PJ HD6805U1P) HD6805V1PJ | HD6805WOPJ* arent a 


Protea [nos [wos [nos [oo 


Pastous Bea Be-40 are 
Vec 5V + 0.25V 5V + 0.25V 5V + 0.25V 5.25V + 0.5V 5.25V + 0.5V 5.25V + 0.5V 5.25V + 0.5V 5V + 0.5V 
-40-*85°C 40=705"C [40-785 _[_-40-v85°C | -a0~286"C 40=*85"C 





Tintiextan | tam [tama [tama TT dCCCCC*dSCSC;‘C;CCC*' 

feet ae een ON oe OS il eee = ee ee le i a 

Sew ie sre Sse a ase i ae e eed ) Ce eie (Sie Som) eee, 
Memory 

AEC A A O 
70 a GO”: 
[timer i faa ca Je 
8 Tse el De ee ee ee 


@ Multiplexed @ Vectored @ Voltage e8-bit A/D @ Sleep 
Retention Retention Address and Interrupts Comparator Comparator Converter Operation 
Capability Capability Oata @ Self-check @ Vectored e Vectored @ Data Reten- | @ Low power 
Other Features Mode Interrupts Interrupts tion Capabil- Consumption 
@ Master @ Self-check @ Self-check ity 
Reset Mode Mode ® Vectored 
@ Master Reset | © Master Reset Interrupts 
© Sel f-check 
Mode 


Funct 






© Master Reset 


* — Preliminaly 
** Electrical Characteristics shown here is for the industrial grade which is different from standard specification. So refer to each data sheet for details. 
*** Timer; 8bit programmable timer with 7-it pre-scaier. 
****Timer 1; 8bit programmable timer with 7-bit pre-scaler. 

Timer 2; 8-bit programmable timer with input capture register and output compare register. 


@ 8-BIT MULT!I-CHIP MICROCOMPUTER CHARACTERISTICS 


a es oy Tere 
HD6802PJ Micro Processor with Clock and RAM (128 byte) 5V + 0.25V -4o~+8s°C |  —s|—spp-40 
HD6B02WPJ Micro Processor with Clock and RAM (256 byte) 5V + 0.25V -4o~+es°c [ | stP-40 
* 
HD6809PJ* Advanced Micro Processing Unit 5V + 0.25V -40 ~ +85°C DP-40 
HD68A09PJ 
HD6809EPJ* Advanced Micro Processing Unit 5V + 0.25V -40 ~ +85°C DP-40 
HD6BAO9EPS 
HD6821PJ Peripheral Interface Adapter 5V + 0.25V -4o~+esrc | =——s|ssap-40 
HD6321PJ* 
HD63A21PJ* CMOS Peripheral Interface Adapter 5V+0.5V ~40 ~ +85°C DP-40 
HO63B21PJ* 
HOGS840PS 
HDG68A40PJ Programmable Timer Module 5V + 0.25V ~40 ~ +85°C DP-28 
HD68B40PJ 
HD6846PJ Combination ROM 1/O Timer 5V + 0.25V -40~+85°C | 1000mw |  DP-40 
dey inl CMOS Asynchronous Communications Interface 5V + 0.5V -40 ~ +85°C DP-24 
HD63B850PJ* Adaprer ; 
5V + 0.25V 
paeeoensa Analog Data Acquisition Unit ( Analog Input ) -40 ~ +85°C Lo DP-40 
0~5.0V 
5V + 0.25V 
paeeee a4 Analog Data Acquisition Unit ( Analog input ) |  -40 ~ +85°C a DP-40 
0 ~ 5.0V 


* Under development 
** Etectrical Characteristics shown here is for the industrial grade which is different from standard specification. 
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DATA 
SHEETS 


8-BIT MICROCOMPUTER 


HMCS6800 SINGLE-CHIP 
SERIES 





Preliminary data sheets herein contain information on new products. Speci- 
fications and information are subject to change without notice. 


Advance Information data sheets herein contain information on a product 
under development. Hitachi reserves the right to change or discontinue these 
products without notice. 





HD6801S0, HD6801S5 
MICU (Microcomputer Unit) 


The HD6801S MCU is an 8-bit microcomputer system Ease 
which is compatible with the HMCS6800 family of parts. The HD6801S0C 
HD6801S MCU is object code compatible with the HD6800 
with improved execution times of key instructions plus several 
new 165it and 8-bit instructions including an 8x8 unsigned 
multiply with 16-bit result. The HD6801S MCU can operate 
as a single - chip microcomputer or be expanded to 65k 
words, The HD6801S MCU is TTL compatible and requires 
one +5.0 volt power supply. The HD6801S MCU has 2k 
bytes of ROM and 128 bytes of RAM on chip. Serial Com- 
munications interface (S.C.I.), and parallel I/O as well as a 
three function 16-bit timer. Features and Block diagram of 





the HD6801S include the following: (DC-40) 
@ FEATURES HD6801SOP 
@ Expanded HMCS6800 Instruction Set POSE Ser 
® 8x 8 Multiply 
®@ On-Chip Serial Communications Interface (S.C.1.) 
@ Object Code Compatible With The HD6800 MPU 
@ 16-Bit Timer 
@ Single Chip Or Expandable To 65k Words 
@ 2k Bytes Of ROM 
@ 128 Bytes Of RAM (64 Bytes Retainable On Power 
Down) 
@ 29 Parallel 1/O Lines And 2 Handshake Control Lines 
@ Internal Clock/Divided-By-Four Circuitry 
@ TTL Compatible Inputs And Outputs 
@ Interrupt Capability Yssi] O ag E 
® Compatible with MC6801 and MC6801-1 — os 
EXTAL SC2 
NMI [4] P30 
# BLOCK DIAGRAM iRO, Pay 
REs (6] Pa2 
Vec Pa 
P20L8j BF P 3a 
Pay Pas 
P 22 10) 3} P se 
Pas (ti HD6801S Psy 
Pa 3 Pao 
Pic 28) Pa 
Pas [4] 279 P42 
P12fisi PG P43 
P +3 [16] Paa 
Pia Rd) Pas 











P17 (29 24} Vcc Standby 


(Top View) 


= TYPE OF PRODUCTS 


Bus Timing 


HD6801S0 
HD6801S5 1.25 MHz 
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HD6801S0,HD6801S5 


® ABSOLUTE MAXIMUM RATINGS 





item Unie 
Supply Vottage v 
input Voltage v 
Operating Temperature c 
Storage Temperature Z 


* With respect to Vgg (SYSTEM GND) 


[NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 


conditions. If these conditions are exceeded, it could aftect retiability of LS!. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5.0Vt5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


= [Symbol | Test Gonaition | min] yp | rar] 
i: aera ee aay 2 ees 
[Otherinpas™ | 20 | - | Vee | 
failinputs® | Wa) SSCS~ OY CYC 
aterOe eae 
eae 


Kc eee 
EXTAL 
NMI, [RQ,, RES | Wink | Vin =O ~ 5.25V 


Vin = . 
Pio ~ Piz, P30 ~ Paz aren 
ope Vin = 0.5 ~ 2.4V 
lLoap 


Input “High” Voltage 


Input “Low” Voltage 


Input Load Current 


tnput Leakage Current 


Three State (Offset) 


Leakage Current IItsil 


P39 ~ P37 


Pee Og a = 205 HA 
Output “High” Voltage | Pag ~ P47, E, SCi, SC2 Vou lLoap = 7145 uA 


Output "Low" Volage 
Darlington Drive Gurrené [Pin ~Prr | low |Veur=18V | 
Power Dissipation a aaa 
Vin = OV, Ta= 25%, 
Other Inputs "|= 1.0 MHz 
ee eee 
‘Operating ——SSi*d se | CS 


*Except Mode Programming Levels. 






Input Capacitance 





Vcc Standby 


py 
~ 
a 


Standby Current 
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Unit 


mA 


UA 
LA 


mA 
mw 


pF 


mA 





HD6801S0,HD6801S5 


@ AC CHARACTERISTICS 
BUS TIMING (Vcc = 5.0V+5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


bie HD6801S0 HD6801S5 ; 
bay will 


























Address Strobe Pulse Width “High” 200 | - | — | 150, —- | — [ os 
Address Strobe Rise Time Se te 4. BO [Sof =| 60 ns 
Address Strobe Fall Time Ts 7T- [sols] 150 [ns 
Address Strobe Delay Time | eo /- | - | wa {- | - | ns 
Enable Rise Time 3s [- | s[- | 0] m 
Enable Fall Time Ts [- [ol 6 [> | 50 | 
Enable Pulse Width “High” Time }4s0 | - | - | 340] - [| - [ ns 
Enable Pulse Width ‘‘Low’”’ Time }450 | - | - | 350 [- | - | ns 
Address Strobe to Enable Delay Time fF 6o [ - | - | 3} - | - | ns 
Address Delay Time ; - | - [ 260] - | - | 260 | 1s 
Address Delay Time for Latch (f = 1.0MHz) | - [- [| 270 | - [ - [ 260 | ns 
Data Setup Wite Time aa [== ne == es 
Data Setup Read Time een i a ee 
as oe eee 
ata Hold Time - ns 
ihe ne es ee 
Address Set-up Time for Latch Cote | | eee 2. ns 
Address Hold Time for Latch 20 | - B= 20 | - ae ns 
Address Hold Time 7 as (ee ee ee 
Peripheral Read ee Cee 
Access Time T= Feo) [ [oor] 
Oscillator stabilization Time Fig. 10 Ee ea Er ee ee ms 
Processor Control Set-up Time Fig. 11 200 - | - {200 }- | - | ns 
PERIPHERAL PORT TIMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 
Item Symbol Test Condition min typ max Unit 
Peripheral Data Setup Time Port 1, 2, 3,4 tepsu Fig. 3 | 20 | - | - | ns 
Peripheral Data Hold Time Port 1, 2, 3, 4 ae Fig. 3 200 — - ns 





Delay Time, Enable Positive Transition 
to OS3 Negative Transition 

Delay Time, Enable Positive Transition | . 
to OS3 Positive Transition tosp2 Fig. 


tosp1 Fig. 





| 
| 
| 





a 
| 
| 
w 
q 
. 
3 
n 


Delay Time, Enable Negative iy 

Transition to Peripheral Data] Port 1, 2*, 3, 4 tepwo Fig. 4 _ a 400 ns 
Valid 

Delay Time, Enable Negative x 

Transition to Peripheral Port 2**, 4 temos Fig. 4 - _ 2.0 Us 


CMOS Data Valid 
































Input Strobe Pulse Width tewis Fig. 6 200 — - ns 

Input Data Hold Time port 3 tin Fig. 6 50 ie Ts ns 

Input Data Set-up Time Port 3 tis Fig. 6 20 _ — ns 
“Except P,, **10k22 pull up register required for Port 2 
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TIMER, SCI TIMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


em Symbot_| Test Condition | min | wp [max Unk 
Timer Input Pulse Wiath ewe [eve 200[ 


Delay Time, Enable Positive Transition to H too | fa? | = | = | 00 | ic 
Timer Out 
SCI Input Clock Pulse Width a HL YS RES TO 


MODE PROGRAMMING (Vcc = 5.0V 15%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


item [Symbot__| Test Gondition | min | wp [max | Uni 
Mode Programming Input ‘‘Low’’ Voltage PF - [| - | 17 | Vv 
Mode Programming Input “High” Voltage | 40 | - | - | V 
RES “Low” Pulse Width fice 30 a tee 
Mode Programming Set-up Time | tues 
Mode Programming 
Hold Time 


teye 


Address Strobe 
(AS) 


2.4V 


Enable 
(E) 
0.5V 
je— tet 
tAH 


R/W Ag~A 22N 
(SCq’ (Port4) (| Address Valid ) 
0.6V 


tosw . —t 
MPU Write 2.2V 
D,~D,,A,~A; Address b Data Valid 
(Port 3) er. 0.6V 


HW 





MPU Read Eee 2.0V 
D,~D,, A,~A, 4 Vaid » (| Data Valid ) 
(Port 3) 0.6V 0.8V 


| (t acc) ————— 
Figure 1 Expanded Multiplexed Bus Timing 
@ HITACHI 


Ao~AdPort4) 
RW (SC? 
TOS (SC)) 


MPU Write 
D,~D, 
(Port 3) 


MPU Read 
D,~D, 
(Port 3) 


HD6801S0,HD6801S5 






Address Valid 


Data Valid 


Figure 2 Expanded Non-Multiplexed Bus Timing 


Enable(E) 


Pio ~ Pia 
Pao ~ Pas 
PP, ~P 
inputs 
Pro ~ Ps, 
Inputs* 


47 


*Port 3 Non-Latched Operation (LATCH ENABLE = 0) 


Figure 3. Data Set-up and Hold Times 
(MPU Read) 


rE MPU access of Port 3° 







Enaple(E) 2.4V 


Address 
Bus 


—— 1 #«tospi ~~ etOosD2 
oP Ziv 
0.6V 


* Access matches Output Strobe Select (OSS = 0, a read; 
OSS = 1, a write) 


($0006) 


Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 





ie MPU Write 


Enable(E) 


All Data 
Port Outputs 





(NOTE) 


1. 10 kQ Pullup resistor required for Port 2 to reach 0.7 Vcc 
2. Not applicable to P 
3. Port 4 cannot be pulled above Vcc 


Figure 4 Port Data Delay Timing 
(MPU Write) 





Figure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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HD6801S0,HD6801S5 ———___--___—— 





Enable 
(E) 
Timer Output Compare 
Counter Matched 
Mode Inputs 
trop (Pio. Pay. Pra) 
P, 2.2V 
Output 0.6V 


Figure 8 Mode Programming Timing 


Figure 7 Timer Output Timing 


Vee 


Ry *2.2k2 


Test Point 
Test Point 
1§2074 
30pF ® 


; or Equiv. 


C =90 pF for P,, ~P,,, P,o ~P,,, E, SC,, SC, 
= 30 pF for Pi, ~P,,,P..~P,, 

R= 12k2 for Py,~P,., Par~P,,- E, SC, . SC, 
= 24k for P.)~P,,, Pry ~Pag 


(a) CMOS Load (b) TTL Load 


Figure 9 Bus Timing Test Loads 


Cycle 


Last Instruction —>] #1 #7 #10 wit #12 














ale 








eee eae 








1-Brt Set 


Internal 
Pa Gm) Ca) ED a a GP Ga a ey) ae a) Ga Ge Ga Saas 
Op Code OpCode SPin) SPin-1) SPin-2} SP{n-3) SPin-4) SPin-5)  SPin-6} SPin-7) Vector Vector New PC 
Addr Addr +1 MSB Addr LSB Addr Address 





NMi or 1RO2 
— >| |+—'tPcs 


Oata Bus Op Code. Op Code PCO~PC? PCB~PCIS x0~x? X8~X15 ACCA ACCB CCR Ivretevant = Vector «= Vector = First Inst. of 


Data use LsB Interrupt Routine 


Internat R/W PaeeESE 
as *IRQ2:- Internal Interrupt 


Figure 10 Interrupt Sequence 


—— 5.25V | 
¥y 4.75V 
cc tee | ltrs | rcs 
: osv 
Address Bus FEFE FFE FFFE FFFE FFFF New PC FFFE FFFE 
Oata Sus PC8~PC15 PCO~PC7 First 
Instruction 

AANA) Not valid 


Figure 11 Reset Timing 
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= SIGNAL DESCRIPTIONS 


e@ Vcc and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts +5%. 
@ XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Divide by 4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The divide by 4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. EXTAL may 
be driven by an external clock source at a 4 MHz rate to run at 
1 MHz with a 40/60% duty cycle. It is not restricted to 4 MHz, 
as it will divide by 4 any frequency less than or equal to 4 MHz. 
XTAL must be grounded if an external clock is used. The 
following are the recommended crystal parameters: 


Nominal Crystal Parameter 









XTAL 
Ci1 = Cio = 22pF + 20% 
ce (3.2 ~ 5 MHz) 
EXTAL [Note] These are representative 


AT cut parallel resonance 
crystal parameters. 


Figure 12 Crystal Interface 


@® Vcc Standby 
This pin will supply +5 volts 5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that Vcc Standby does not go below 
Vspp during power down. 
To retain information in the RAM during power down the 
following procedure is necessary: 
1) Write “0” into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc Standby greater than Vspp. 


Vec Standby Power Line 


ht 


Figure 13 Battery Backup for Voc Standby 
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© Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
“Low” for at least 100 ms. During operation, RES, when 
brought “Low”, must be held “Low” at least 3 clock cycles. 

When a “High” level is detected, the MPU does the follow- 
ing: 

1) All the higher order address lines will be forced “High”. 

2) I/O Port 2 bits, 2, 1, and O are latched into programmed 

éontrol bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
MPU can recognize maskable interrupts. 

@ Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 


@ Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-maskable- 
interrupt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effecton NMI. __ 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the MPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kQ external resistor to VCC should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ, and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 





E following the completion of an instruction. 


@ Interrupt Request (IRQ; ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit “High” so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations $FFF8 and $FFF9. An address 
loaded at these locations causes the MPU to branch to an inter- 
rupt routine in memory. 

The IRQ, requires a 3.3 kQ extemal resister to Vcc which 
should be used for wire-OR and optimum control of interrupts. 
Internal Interrupts will use an internal_interrupt line (IRQ, ). 
This interrupt will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. fRQ, will 
have priority over IRQ, if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 
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Table 1 Interrupt Vector Location 
Vector Interrupt 
MsB | LSB 
Highest FFFE | FFFF | RES 
Priority, = FFFC | FFFD | NMI : 
FFFA | _FFFB | Software Interrupt (SWI) 
FFF8 | FFFO | IRQ, (or IS3) 
FFF6 ICF (Input Capture) 
FFF4 | FFFS | OCF (Output Compare) 
FFF2 | FFF3 | TOF (Timer Overflow) 
reflec FFFO | FFF1 | SC, (RORF + ORFE + TORE) 


The following pins are available in the Single Chip Mode, and 
are associated with Port 3 only. 


© Input Strobe (iS3) (SC, ) __ 

This sets an interrupt for the processor when the IS3 Enable 
bit is set. As shown in Figure 6 Input Strobe Timing, IS3 will 
fall tig minimum after data is valid on Port 3. If IS3 Enable is 
set in the I/O Port 3 Control/Status Register, an interrupt will 
occur. If the latch enable bit in the I/O Port 3 Control/Status 
Register is set, this strobe will latch the input data from another 
device when that device has indicated that it has valid data. 


© Output Strobe (OS3) (SC, ) 

' This signal is used by the processor to strobe an external 
device, indicating valid data is on the I/O pins. The timing for 
the Output Strobe is shown in Figure 5 I/O Port 3 Control/ 
Status Register is discussed in the following section. 


The following pins are available in the Expanded Modes. 


© Read/Write (R/W) (SC) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or a 
Write (“Low”) state. The normal standby state of this signal is 
Read (“High”). This output is capable of driving one TTL load 
and 90 pF. 


@ 1/0 Strobe (iOS) (SC,) ae 

In the expanded non-multiplexed mode of operation, IOS 
internally decodes Ag through Aj5 as zero’s and Ag as a one. 
This allows external access of the 256 locations from $0100 to 
$01FF. The timing diagrams are shown as figure 2. 


@ Address Strobe (AS) (SC; ) 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB’s of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 19. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, tasp before the data is enabled to 
the bus. 


= PORTS 

There are four I/O ports on the HD6801S MCU; three 8-bit 
ports and one 5-bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A “1” in the 
corresponding Data Direction Register bit will cause that 1/0 
line to be an output. A “0” in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port 1, Port 2, Port 3, and Port 4. Their addresses 
and the addresses of their Data Direction registers are given in 
Table 2. 

* The only exception is bit 1 of Port 2, which can either be data 

input or Timer output. 


Table 2 Port and Data Direction Register Addresses 


Port Address 






Data Direction 
Register Address 











1/O Port 1 $0002 $0000 
1/0 Port 2 $0001 
1/0 Port 3 


VO Port 4 





@ 1/0 Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic “1° and less than 0.8 V for a logic “OQ”. As out- 
puts, these lines are TTL compatible and may also be used as 
a source of up to 1 mA at 1.5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port 1 is always parallel I/O. 


@ 1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
State when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic “1” and less than 0.8 V for a logic ‘0’. As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB’s (bits 7, 6, 
and 5) of Port 2 which are read only. This is explained in the 
Mode Selection Section. 

In all three modes, Port 2 can be configured as I/O and 
provides access to the Serial Communications Interface and the 
Timer. Bit 1 is the only pin restricted to data input or Timer 
output. 

@ 1/0 Port 3 

This is an 8-bit port that can be configured as I/O, a data bus, 
or an address bus multiplexed with the data bus — depending on 
the mode of operation hardware programmed by the user at 
reset. As a data bus, Port 3 is bi-directional. As an input for 
peripherals, it must be supplied regular TTL levels, that is, 
greater than 2.0 V fora logic “1” and less than 0.8 V for a logic 
“0”. 
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Its TTL compatible three-state output buffers are capable of 
driving one TTL load and 90 pF. In the Expanded Modes, after 
reset, the data direction register is inhibited and data flow 
depends on the state of the R/W line. The input strobe (IS3) 
and the output strobe (OS3) used for handshaking are explained 
later. 

In the three modes, Port 3 assumes the following charac- 
teristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. There are two control 
lines associated with this port in this mode, an input strobe and 
an output strobe, that can be used for handshaking. They are 
controlled by the I/O Port 3 Control/Status Register explained 
at the end of this section. Three options of Port 3 operations 
are sumarized as follows: (1) Port 3 input data can be latched 
using IS3 (SC,) as a control signal, (2) OS3 can be generated by 
either an MPU read or write to Port 3’s Data Register, and (3) 
and IRQ, interrept can be enabled by an IS3 nagative edge. 

Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6.° 

Expanded Non-Multiplexed Mode: In this mode, Port 3 
becomes the data bus (Do ~D-). 

Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (Dp~D-,) and lower bits of the address bus 
(Ap~A7). An address strobe output is true when the address is 
on the port. 





$O00F 





1/0 PORT 3 CONTROL/STATUS REGISTER 

7 6 5 4 3 2 1 

x LATCH x Xx 

1S3 

FLAG | ENABLE ENABLE 

Bit 0; Not used. 

Bit 1; Not used. 

Bit 2; Not used. 

Bit 3; LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set “High” the input data will be 
latched with the falling edge of the Input Strobe, [S3. 
This bit is cleared by reset, and the latch is “‘re-opened” 
with MCU read Port 3. 

Bit 4; OSS. (Output Strobe Select) This bit will select if the 
Output Strobe should be generated at OS3 (SC,) by a 
write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write Port 3. 

Bit 5; Not used. 

Bit 6; IS3 TRO, ENABLE. When set, interrupt will be enabled 
whenever IS3 FLAG is set; when clear, interrupt is 
inhibited. This bit is cleared by RES. 

Bit 7; IS3 FLAG. This is a read only status bit that is set by 
the falling edge of the input strobe, [S3 (SC,). It is 
cleared by a read of the Control/Status Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 

© 1/0 Port 4 

This is an 8-bit port that can be configured as I/O or as 
address lines depending on the mode of operation. In order to 
be read properly, the voltage on the input lines must be greater 


than 2.0 V for a logic “1” and less than 0.8 V for a logic “0”. 
As outputs, each line is TTL compatible and can drive 1 TTL 
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load and 90 pF. After reset, the lines are configured as inputs. 
To use the pins as addresses, therefore, they should be 
programmed as outputs. In the three modes, Port 4 assumes the 
following characteristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. 

Expanded Non-Multiplexed Mode: In this mode, Port 4 is 
configured as the lower order address lines (Ag~A7) by writing 
one’s to the data direction register. When all eight address lines 
are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

Expanded Multiplexed Mode: In this mode, Port 4 is 
configured as the higher order address lines (Ag~A,5) by writ- 
ing one’s to the data direction register. When all eight address 
lines are not needed, the remaining lines, starting with the most 
significant bit, may be used as 1/O (inputs only). 


® OPERATION MODES 

The mode of operation that HD6801S will operate in after 
Reset is determined by hardware that the user must wire on pins 
10, 9, and 8 of the chip. These pins are the three LSB’s (1/O 2, 
I/O 1, and I/O 0 respectively) of Port 2. They are latched into 
programmed control bits PC2, PC1, and PCO when reset goes 
high. I/O Port 2 Register is shown below. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
$0003 


An example of external hardware that could be used for 
Mode Selection is shown in Fig.14. The HD14053B provides 
the isolation between the peripheral device and MCU during 
Reset, which is necessary if data conflict can occur between 
peripheral device and Mode generation circuit. 

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot 
be changed through software. The mode selections are shown in 
Table 3. 

The HD6801S is capable of operating in three basic modes; 
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com- 
patible with HMCS6800 peripheral family) (3) Expanded Non- 
Multiplexed Mode. 


® Single Chip Mode 
In the Single Chip Mode the Ports are configured for I/O. 
This is shown in Figure 16 the single Chip Mode. In this 
mode, Port 3 will have two associated control lines, an input 
strobe and an output strobe for handshaking data. 


@ Expanded Non-Multiplexed Mode 

In this mode the HD6801S will directly address HMCS6800 
peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the Ag~A7 address bus or partial 
address and I/O (inputs only). Port 2 can be parallel 1/O, serial 
1/0, Timer, or any combination of them. Port 1 is parallel 1/0 
only. In this mode the HD6801S is expandable to 256 locations. 
The eight address lines associated with Port 4 may be 
substituted for I/O (inputs only) if a fewer number of address 
lines will satisfy the application (See Figure 17). 
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Binary to 1-of-2 
Decoder with 
Inhibit 






HD6801S 


P,. (PCO) 
P,, (PC1) 
P,, (PC2) 


HD14053B 
























Vcc Standby O O IRQ, 
RESO g H06801S 
Port 1 _ aH Port 3 
81/0 Lines 8 1/0 Lines 
Port 3 
1/O Strobes 
Port 4 Port 2 
8 1/0 Lines 5 1/0 Lines 
sci 
Timer 


Figure 16 HD6801S MCU Single-Chip Mode 



















[NOTES] 1) Mode 7 as shown 
2) RC~Reset time constant 
3) R,=10k2 


14 Recommended Circuit for Mode Selection 


Truth Table 


Control Input 
On Switch 
Select 


Inhibit 
HD14053B 

























Vec Standby © 5 O1RQ 
1 


Port 1 Port 3 
8 Parailel 1/0 8 Data Lines 
Port 2 Port 4 
5 Parallel 1/O To 8 Address 
ae Lines or To 
amen 8 1/0 Lines 
(Inputs Only) 


Figure 17 HD6801S MCU Expanded Non-Multiplexed Mode 


48 @ HITACHI 


@ Expanded Multiplexed Mode 

In this mode Port 4 becomes higher order address lines with 
an alternative of substituting some of the address lines for I/O 
(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated by an output called Address 
Strobe. Port 2 is 5 lines of Parallel 1/0, SCI, Timer, or any 
combination of them. Port | is 8 Parallel I/O lines. In this mode 
it is expandable to 65k words. (See Figure 18). 


@ Lower order Address Bus Latches 

Since the data bus is multiplexed with the lower order 
address bus in Port 3, latches are required to latch those address 
bits. The 74LS373 Transparent octal D-type latch can be used 
with the HD6801S to latch the least significant address byte. 
Figure 19 shows how to connect the latch to the HD6801S. 
The output control to the 74LS373 may be connected to 
ground. 


GNO 


AS 


Port 3 
Address/Data a 





annnen 
PERE. @ 
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Enable 
O NMI 
Vec Standby © o 1RQ, 


RES O 





RIW 
Port 3 


HD6801S 
MCU 








Port 1 8 Lines 
8 1/0 Lines Multiplexed 
Data/Address 
Address Strobe 
Port 2 
Port 4 
| L 
6 O'Eines To 8 Address 
Sci Li T 
Timer ines or To 


8 1/0 Lines 
Vss (Inputs Only) 


Figure 18 HD6801S MCU Expanded Multiplexed Mode 


Function Table 


Output Enable 
Control 
: 


Address: A, ~A, 


(7) 


peor 
bee Seen 69 
xxrrio 
NOrd 

o 





Data: D,~D, 


Figure 19 Latch Connection 


@ Mode and Port Summary MCU Signal Description 


This section gives a description of the MCU signals for the various modes. 
that the chip is in. 





SINGLE CHIP 









1/0 1/0 


EXPANDED MUX 






EXPANDED NON-MUX 


= ESS BUS 
(Ao~A7) 
DATA BUS 

(Do~D7) 


DATA BUS 
(Dyo~D7) 


SC, and SC, are signals which vary with the mode 


















ADDRESS BUS* 
(Ag~Ais) 


ADDRESS BUS* 
(Ap~A7) 


*These lines can be substituted for {/O (Input Only) starting with the most significant address line. 


| = Input = Input Strobe 
O = Output OS3 = Output Strobe 
RW = Read/Write (OS = I/O Select 


SC = Strobe Control 
AS = Address Strobe 
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P P P 
Mode | «Pca | Pci) | (PCO) | rom | ram | 





Table 3 Mode Selection Summary 


Interrupt Bus 
Vectors Mode 


MuUx(6) 
| nmux(é) 














Operating 
Mode 


Single Chip 

Multiplexed/Partia! Decode 
Non-Multiplexed/Partial Decode 
Single Chip Test 





Multiplexed/No RAM & ROM 
Multiplexed/RAM 





SIN; wWl Slay ain 


0 
LEGEND: 

| — Internal 

E — External 

MUX ~— Multiplexed 

NMUX — Non-Multiplexed 

L — Logic “0” 

H — Logic ‘'1” 


@ MEMORY MAPS 


The MCU can provide up to 65k byte address space depend- 
ing on the operating mode. A memory map for each operating 


[NOTES] 


1) Internal RAM is addressed at $X X80 
2) Internal ROM ig disabled 


Multiplexed/RAM & ROM 
Multiplexed Test 


3) RES vector is externai for 2 cycles after RES goes “High” 
4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 


1,2,and3 


5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
6) Port 4 default is user data input; address output is optional by writing to Port 4 


Data Direction Register 


® INTERRUPT FLOWCHART 


mode is shown in Figure 20. The first 32 locations of each map 
are reserved for the MCU’s internal register area, as shown in 


Table 4. With exceptions as indicated. 




















Table 4 Internal Register Area 
Register Address 

Port 1 Data Direction Register *** 00 
Port 2 Data Direction Register *** 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Port 3 Data Direction Register *** 04* 
Port 4 Data Direction Register *** 05** 
Port 3 Data Register 06* 
Port 4 Data Register o7** 
Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) oB 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) oD 
Input Capture Register (Low Byte) OE 
Port 3 Control and Status Register OF* 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Reserved 15-1F 


* External address in Modes 0, 1, 2, 3, 5, 6; cannot be 


accessed in Mode 5 (No. 10S) 


** External addresses in Modes 0, 1, 2,3 
“** 1=QOutput, O=Input- 
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The Interrupt flow chart is depicted in Figure 24 and is com- 
mon to every interrupt excluding reset. 


HD6801S 
Mode 


Multiplexed Test mode 


aie WA internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 


Internai Interrupt Vectors!2 


{NOTES] 
1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and $OF. 
2) Addresses $F FFE and $FFFF are considered 
external if accessed within 2 cycles alter a 
positive edge of RES and internal at all other 
times. 
After 2 MPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 
This mode is the only mode which may be used 
to examine the interrupt vectors in internal 
ROM using an external Reset vector. 
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HD6801S 
Mode 


Multiplexed/RAM & ROM 


oe QA 
$0080 TT } ren 


External Memory Space 


Internal Registers 


Internal ROM 


$FFFO 
SFFFF 


External Interrupt Vectors 


= 


[NOTES} 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$OF. 

2) Internal ROM addresses $F FFO to $FFFF are 
not usable. 


Figure 20 HD6801S Memory Maps 
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HD6801S 
Mode 


Multiplexed/RAM 
$0000(1) 
Internat Registers 


$001 F 
External Memory Space 


$0080 § 
Internal RAM 


External Memory Space 


External Interrupt Vectors 


1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 





HD6801S 
Mode 
Multiplexed/No RAM or ROM 


$0000!1) 
Internal Registers 


External Memory Space 


External Interrupt Vectors 


[NOTE] 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$OF. 


Figure 20 HD6801S Memory Maps (Continued) 
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HD6801S 
Mode 


} Internal Registers 


Single Chip Test 
$0000 
$001F 


Unusable!1)(4) 


Internal RAM 


$X X80 
Internal Interrupt Vectors 


SXXFF 


{NOTES} 

1) The interna! ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a “1” into 
the PCO bit of Port 2 Data Register. 

Addresses A, to A,, are treated as “don’t 
cares” to decode internal RAM. 
Internal RAM will appear at $XX80 to $XXFF. 
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HD6801S 
Mode 


Non-Multiplexed/Partial Decode 
$0000(1) 


Internal Registers 
$001F 
Unusable 


$0080 


| Internal RAM 


$OOF F 


$0100 
External Memory Space 


$O1FF 


Unusable 


internal ROM 


SFFFF Internal Interrupt Vectors 


{NOTES] 


1) 


2) 





Excludes the following addresses which may 
not be used externally: $04, $06, and $OF. 
(No 10S) 

This mode may be entered without going 
through RES by using Mode 4 and sub- 
sequently writing a “1” into the PCO bit of 
Port 2 Data Register. 

Address lines A, ~A, will not contain address- 
es until the Data Direction Register for Port 4 
has been written with “1's” in the appropriate 
bits. These address lines will assert ‘1’s'’ until 
made outputs by writing the Data Direction 
Register. 


Figure 20 HD6801S Memory Maps (Continued) 
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HD6801S HD6801S 
Mode Mode 


Multiplexed/Partial Decode Single Chip 


$0000!1) WY. jinterdalRegietere soo LIA Internal Registers 


$001F 
External Memory Space Unusable 


$0080 Yyyy Internal RAM oa Internal RAM 


$OOF F 


External Memory Space Unusable 


Internal ROM Internal ROM 


Internal Interrupt Vectors Internal Interrupt Vectors 


[NOTES] 

1) Exctudes the following address which may be 
used externally: $04, $06, SOF. 

2) Address lines Ag~A,, will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with “1's” in the 
appropriate bits. These address lines will 
assert “'1's’’ unti! made outputs by writing the 

‘Data Direction Register. 





Figure 20 HD6801S Memory Maps (Continued) 


54 © HITACHI 


® PROGRAMMABLE TIMER 

The HD6801S contains an on-chip 16-bit programmable 
timer which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 
« an 8-bit control and status register, 
¢ a16-bit free running counter, 

* a16-bit output compare register, and 

* a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 21. 
@ Free Running Counter ($0009:000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the MPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any MPU 
write to the counter’s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

@ Output Compare Register ($000B:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a “1” (Output), 
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the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare value. The Output Compare Register is set to 
$FFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

@ input.Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

* With Port 2 Bit 0 configured as an output and set to “1”, the 

external input will still be seen by the edge detect unit. 
© Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

*a proper transition has taken place on the input pin witha 
subsequent transfer of the current counter value to the 
input capture register. 

*a match has been found between the value in the free 
running counter and the output compare register, and 

* when $0000 is in the free running counter. 

Each of the flags may be enabled onto the HD6801 internal 
bus (IRQ,) with an individual Enable bit in the TCSR. If the 
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Figure 21 Block Diagram of Programable Timer 
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Timer Control and Status Register 
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I-bit in the HD6801S ‘Condition Code register has been cleared, 
a priority vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 

Bit O OLVL Output Level — This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set, the value will 
appear on the output pin. 

Bit 1 1EDG Input Edge — This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
0 must be clear for this function to operate. IEDG 
=0 Transfer takes place on a negative edge 
(“High”-to-“Low” transition). 

IEDG = | Transfer takes place on a positive edge 
(“Low”-to-“High”’ transition). 

Bit 2 ETO Enable Timer Overflow Interrupt — When set, this 
bit enables IRQ, to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOC! Enable Output Compare Interrupt — When set, 

this bit enables IRQ, to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 
Enable input Capture Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 
Timer Overflow Flag — This read-only bit is set 
when the counter contains $0000. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
MPU read of the Counter ($09). 
Output Compare Flag — This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an MPU write to the output compare 
register (SOB or $0C). 

Input Capture Flag — This read-only status bit is 

set by a proper transition on the input; it is cleared 

by a read of the TCSR (with ICF set) followed by 
an MPU read of the Input Capture Register ($OD). 
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@ SERIAL COMMUNICATIONS INTERFACE 

The HD6801S contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 


MPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 


@ Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
“wakes-up”) the for the next message. The “wake-up” is 
automatically triggered by a string of ten consecutive 1’s which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 


@ Programmable Options 

The following features of the HD6801S serial I/O section are 
programmable: 

+ format — standard mark/space (NRZ) 
* Clock — external or internal 

* baud rate — one of 4 per given MPU ¢2 clock frequency or 

external clock x8 input 

* wake-up feature — enabled or disabled _ 

* Interrupt requests — enabled or masked individually for 

transmitter and receiver data registers 

* clock output — internal clock enabled or disabled to Port 

2 (Bit 2) 
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial 
1/O individually for transmitter and receiver. 
@ Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

- an 8-bit control and status register 

+a 4-bit rate and mode control register (write only) 

+ an 8-bit read only receive data register and 

+ an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 


Transmit/Receive Control! and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits O~4 may be written. The 
register is initialized to $20 on RES. The bits in the TRCS 
register are defined as follows: 


Transmit/Receive Control and Status Register 
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Bit 7 Rate and Mode Controi Register Bit 0 
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Transmit Data Register 


Figure 22 Serial 1/O Registers 


“Wake-up” on Next Message — set by HD6801S 
software and cleared by hardware on receipt of 
ten consecutive 1’s or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
MPU set of WU flag. 

Transmit Enable — set by HD6801S to produce 
preamble of nine consecutive 1’s and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Receiver Enable — when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 

Transmit Data Register Empty — set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 





writing a new byte into the transmit data register, 
TDRE is initialized to 1 by RES. 

Bit 6 ORFE Over-Run-Framing Error — set by hardware when 
an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 


error has occurred when the byte boundaries in bit 
stream are not synchronized to bit counter. The 
ORFE bit is cleared by reading the status register, 
then reading the Receive Data Register, or by 
RES. 

Bit 7 RORF Receiver Data Register Full — Set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. The RDRF bit is 
cleared by reading the status register, then reading 
the Receive Data Register, or by RES. 


Rate and Mode Control Register 

The Rate and Mode Control register controls the following 
serial I/O variables: 

* Baud rate 

* format 

* clocking source, and 

* Port 2 bit 2 configuration 

The register consists of 4 bits all of which are write-only and 
cleared on RES. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two bits control the 
format and clock select logic. The register definition is as 
follows: 


Rate and Mode Control Register 


7 6 5 4 3 2 1 0 
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Bit 0 SSO 
Bit 1 SS1 


Speed Select — These bits select the Baud rate for 
the internal clock. The four rates which may be 
selected are a function of the MPU ¢, clock 
frequency. Table 5 lists the available Baud rates. 


Bit 2 CCO Clock Control and Format Select — this 2-bit field 
Bit 3 CC1_ controls the format and clock select logic. Table 6 
defines the bit field. 


Table 5 SC! Bit Times and Rates 









SS1 : SSO 


—_— = © OC 
- Oo- oO 


* HD6801S5 Only 


XTAL 2.4576 MHz 


26 ys/38,400 Baud 
208 us/4,800 Baud 
1.67 ms/600 Baud 
6.67 ms/150 Baud 


4.9152 MHz* 
1.2288 MHz 


13 us/76,800 Baud 
104.2 us/9,600 Baud 
833.3 ys/1,200 Baud 
3.33 ms/300 Baud 











| OMHe 
| oMHe 
16 us/62,500 Baud 
128 us/7812.5 Baud 
1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 











Table 6 SCI Format and Clock Source Control 








cC1: CCO 


0 1 Internal 
1 0 Internal 
External 


* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = 1" in TRCS; bit 4 is used for serial output if TE = “1’’ in TRCS. 


Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

* the values of RE and TE are immaterial. 

*CC1,CCO must be set to 10 

* the maximum clock rate will be E+ 16. 

*the clock will be at 1x the bit rate and will have a rising 

edge at mid-bit. 


Externally Generated Clock 
If the user wishes to provide an external clock for the serial 
1/O, the following requirements are applicable: 
«the CC1, CCO, field in the Rate and Mode Control Register 
must be set to 11, 
«the external clock must be set to 8 times (X8) the desired 
baud rate and 
* the maximum external clock frequency is 1.0 MHz. 


@ Serial Operations 
The serial I/O hardware should be initialized by the 
HD6801S software prior to operation. This sequence will 
normally consist of; 
* writing the desired operation control bits to the Rate and 
Mode Control Register and 
* writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 
The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 





| Format___ | Glock Source 












Port 2 Bit 3 


Port 2 Bit 2 Port 2 Bit 4 





Not Used 
Output* 
Input 
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Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of 1’s. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift. 
register and transmission of the data word will begin. 

During the transfer itself, the 0 start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD68015 fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data is supplied to the data 
register. No 0’s will be sent while TDRE remains a !. 
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Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2 Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD6801S responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


= RAM CONTROL REGISTER 

This register, which is addressed at $0014, gives status 
information about the standby RAM. A 0 in the RAM enable 
bit (RAM E) will disable the standby RAM, thereby protecting 
it at power down if Voc Standby is held greater than Vspp 
volts, as explained previously in the signal description for Vcc 
Standby. 


RAM Control Register 


$0014 


BitO Not used. 

Bit 1 Not used. 

Bit 2 Not used. 

Bit3 Not used. 

Bit 4 Not used. 

Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the standby RAM. This bit is set 
to a logic “1” by RES which enables the standby 
RAM and can be written to one or zero uner pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Big 7 STBY The Standby Power bit is cleared when the stand- 

PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 


= GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6801S is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 

Included in the instruction set section are the following: 

* MCU Programming Model (Figure 23) 

+ Addressing modes 

* Accumulator and memory instructions — Table 7 

* New instructions 

* Index register and stack manipulations instructions — Table 

8 
* Jump and branch instructions — Table 9 
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* Condition code register manipulation instructions — Table 10 

¢Instructions Execution times in machine cycles — Table 
1] 

* Summary of cycle by cycle operation — Table 12 

* Op codes Map — Table 13 


@ MCU Programming Model 

The programming model for the HD6801S is shown in Figure 
23. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy. information in 
A and B. 


8-Bit Accumulators A and B 


Or 16-Bit Double Accumulator O 


15 x O} index Register (X) 
15 sP Of Stack Pointer (SP) 
15 PC 0} Program Counter (PC) 


7 0 
Pifafu} ifyfz}v ic] Condition Code Register (CCR) 


Carry/Borrow from MSB 
Over flow 

Zero 

Negative 

Interrupt 

—— Half Carry (From Bit 3) 





Figure 23 MCU Programming Model 


@ MCU Addressing Modes 

The HD6801S eight-bit microcomputer unit has seven 
address modes that can be used by a programmer, with the 
addressing mode a function of both the type of instruction and 
the coding within the instruction. A summary of the addressing 
modes for a particular instruction can be found in Table 11 
along with the associated instruction execution time that is 
given in machine cycles. With a clock frequency of 4 MHz, these 
times would be microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The MCU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 
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Table 7 Accumulator & Memory Instructions 
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The Condition Code Register notes are listed after Table 10. (Continued) 
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Table 7 Accumulator & Memory Instructions (Continued) 
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The Condition Code Register notes are listed after Table 10. 


Direct Addressing 

In direct addressing, the address of the operand is contained 

the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
ie., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher eight-bits of the 
address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register’s lowest 
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eight bits in the MCU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The’ modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter’s lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of thé present instruction. These 
are two-byte instructions. 
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e@ New Instructions 
In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6801S Microcomputer. 


ABX = Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 
the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

LDD Loads the contents of double precision memory location into the double 
accumulator A:B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL  Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B, ACCA contains MSB of result. 

PSHX The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

PULX The index register is pulled from the stack: beginning at the current address 
contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 

STD _—_ Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 


CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 


*ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu- 
lator is the most significant byte. 


Table 8 Index Register and Stack Manipulation Instructions 


i Condition Code 
Addressing Modes 
Boolean/ Register 


Pointer Operation ‘iweb. [ DIRECT [INDEX [EXTNO [IMPLIED | Arthmete Operation [S]a[3 [2[1]o 


lop |~ | #/ oP |~ | # [oP | lop |~ | # [op |~ | # | TH{i[ni2z[v[c 
Compare index Reg | OPK P|] pews feels [ [eye 


Decrement Index Reg 
Decrement Stack Pntr 
Increment Index Reg 

Increment Stack Pntr 

Load Index Reg LOX 
Load Stack Pntr 
Store Index Reg 
Store Stack Pntr sTs 


a 
Index Reg ~ Stack Pntr | ™s | | 
Stack Pntr > Index Reg | tsx | | | 
Add Ea Be Be 


fe ; 

[TTT [sl 

Hen 

mc) 

o © 

{| feisies] | | | 8 


BG 
CCC 


CRRBADS 


Ww! Oo 


Air 
4 


2 | 
i 
a 
z 
if 
2 | 
[2 | 
2 | 
2 | 
a= 
mie 


w 
s/3|8| | 


a 
an ee eee eee 


The Condition Code Register notes are listed after Table 10. 


Push Data 


w 
QO 





eee 
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Table 9 Jump and Branch Instructions 


Addressing Modes al eae 
Oreraton fRetarive [pincer [woe [exrwo [iwpuieo |  Ferertet —sTals [a faTo 
Lop] ~| # |op|~| # [op | ~ | # {or |~ [# [orp] ~| # | fH] i[niz[vic 
Branch Always -—oRA_ fete tt tt H+ —} Reve —___yetete ot] s 
Branch Never Beaaa z= felelele| 








Branch If Carry Clear eee alls ev es ne c=0 Cnite 
Branch If CarrySet_| cS |25/3/2/ | | | C= CoREe 
Branch If=Zero | Bea [27{3{2] | | | efele| 











Branch If > Zero BGE 2C i 3 2 |. 
Branch If > Zero BGT 2e/3{2] | 























Siete ftimmnnetianviiil 












































| | je | 
ale 
joie! 
[ele | 
le |e] 
le |e] 
Branch If Higher BHI 22 | 3 itl C+Z=0 lolelele| 
Branch If < Zero BLE 2F | 3 Tz+(N@vi=1 Baad 
Brenan if Lower Or BLS 2313 | | C+z=1 je |e fe x 
Branch If < Zero BLT }20; 3/2] | | | je fele| e 
Branch If Minus BMI | 3 | je jelele 
Branch If Not E 
oe If Not Equal BNE ole le| ‘ 
Gg owmiow | eve fsisi2] | | | | | [+ [+|> 
Branch If Overflow Set 29 | 3 {2 | | | | [oe fe lele 
Branch If Plus BPL eet |_| je |e lele 
Branch To Subroutine | asA feo] 6/2] | | | |_| odor 
ie eer giggic 
sump To Subroutine | usR| | | loo] [2 [ao] | "[eleletetels 
a 


est oa 
__Jump To Subroutir a 
nocmemin | vor f | | 
Return From Interrupt RTt fost He fe 

Return From 


Advances Prog. Cntr. e 
Only 
——— 
Pelee 








a 
a 
= 
ee 
in 
= 


Subroutine 
Software Interrupt {| swiss |_| | | | | | | le |S Je [e je |e 
Wait for Interrupt WAI ieee AE Fe a as 


fe le fe les 


Table10 Condition Code Register Manipulation Instructions 


Condition Code Register 
Operations Boolean Operation is /4{i3[2]1 | 0 
oe Lod pHi i [ni zivie 
Clear Carry ee eee Eee eee ea Cy RE 
Clear Interrupt Mask a O-! PRi[ele]e | . 
‘Clear Overflow Re BEV OA 2 | O-7V fe jele[R] ad 
Set Carry SEC | 0D | 


| 2 | 
Set Interrupt Mask | SEN OF | 2 | 
Set Overflow | SEV | 8 | 2 | 
| 2 
L2 J 








AccumulatoerA+CCR | TAP | 08 


CCR - Accumulator A 





Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 


@ (BitV) Test: Result = 10000000? 

@ (BitC) Test: Result * 000000007 

@ (BitC) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 
@ (BitV) Test: Operand = 10000000 prior to execution? 

© (Bit V) Test: Operand = 01111111 prior to execution? 

€ (Bit V) Test: Set equal to result of N@C after shift has occurred. 

@ (BitN) Test: Result less than zero? (Bit 15 = 1) 

(Ali) Load Condition Code Register from Stack. (See Special Operations) 

(Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 
(All) Set according to the contents of Accumulator A. 

@ (BitC) Set equal to result of Bit 7 (AccB) 
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Instruction Execution Times in Machine Cycles 


Table 11 


. Ex- In- Im- — Re- 
Direct tended dexed plied lative 


imme- 
diate 


ACCX 


- Ex- In- Im- Re- 
Direct tended dexed plied lative 


Imme- 
diate 


ACCX 


INX 


ABA 
ABX 
ADC 
ADD 


JMP 
JSR 


LDA 


LOD 
LDS 


ADDD 
AND 
ASL 


LDX 
LSR 


ASLD 
ASR 
BCC 
BCS 


LSRO 
MUL 
NEG 
NOP 


10 


BEQ 
BGE 


ORA 
PSH 


BGT 
BHI 
BIT 
BLE 
BLS 
BLT 
BMI 


PSHX 
PUL 


3 


PULX 
ROL 


3 


ROR 
RTI 


10 


RTS 
SBA 


BNE 
BPL 


SBC 
SEC 
SEI 


BRA 


BRN 
BSR 


SEV 


BVC 
BVS 
CBA 


STA 


STD 
STS 
STX 


CLC 
CLI 


SUB 
SUBD 


CLR 


CLV 


12 


swi 
TAB 
TAP 


CMP 


COM 
CPX 


TBA 
TPA 
TST 
TSX 


DAA 
DEC 
DES 


DEX 
EOR 
INC 


TXS 
WAI 


INS 
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@ Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 


HD6801S0,HD68015S5 


contro] program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner; ex- 
ceptions are indicated in the table). 


Table 12 Cycle by Cycle Operation 


Address Mode & 
Instructions 


IMMEDIATE 


te Address Bus 


RAW 


Nine Data Bus 











ADC EOR Op Code Address 
ADD LDA 
AND ORA 
BIT SBC 


CMP SUB 


Op Code Address +1 





Op Code 
Operand Data 
















Op Code Address 








Op Code Address + 1 
Op Code Address + 2 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 












Op Code Address 





SUBD 


Address Bus FF FF 






Op Code Address + 1 
Op Code Address + 2 








Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 
































































































DIRECT 

ADC EOR Op Code Address | 1 Op Code 

ADD LDA Op Code Address + 1 1 Address of Operand 

AND ORA Address of Operand 1 Operand Data 

BIT SBC 

CMP SUB 

STA 3 Op Code Address 1 | Op Code 
Op Code Address + 1 1 Destination Address 
Destination Address 0 Data from Accumulator 

LDS 4 Op Code Address 1 Op Code 

LDX Op Code Address + 1 1 Address of Operand 

LDD Address of Operand 1 Operand Data (High Order Byte) 
Operand Address + 1 1 Operand Data (Low Order Byte) 

STS 4 Op Code Address Op Code 

STX Op Code Address + 1 Address of Operand 

STD Address of Operand Register Data (High Order Byte) 
Address of Operand + 1 Register Data (Low Order Byte) 

CPX 5 Op Code Address Op Code 

SUBD Op Code Address + 1 Address of Operand 

ADDD Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 

JSR 5 Op Code Address Op Code 
Op Code Address + 1 Irrelevant Data 
Subroutine Address First Subroutine Op Code 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer + 1 Return Address (High Order Byte) 
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Address Mode & 
instructions 


INDEXED 
JMP 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


STA 


LDS 
LOX 
LDO 


STS 
STX 
STD 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST“ 
INC 


CPX 


SUBD 
ADDD 





Table 12 Cycle by Cycle Operation (Continued) 


Cycle R/W 






Op Code Address 
Op Code Address + 1 
Address Bus FF FF 












Op Code Address 
Op Code Address + 1 
Address Bus FF FF 

Index Register Plus Offset 











Data Bus 
Op Code 
Offset 
Low Byte of Restart Vector 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 





Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
Index Register Plus Offset she 












Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 









Op Code Address 

Op Code Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





Index Register Plus Offset + V 


Op Code Address 

Op Code Address + 1 

Address Bus FF FF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Op Code Address 

Op Code Address + 1 
Address Bus FF FF 

Index Register Plus Offset 
Address Bus FF FF 

Index Register Plus Offset 
















Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 








JSR 


*in the TST instruction, R/W tine of the sixth cycle is 1" level, and AB = FFFF, DB = Low Byte of Reset Vector, 


4 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FF FF 







Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


















Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
Index Register + Offset 
Stack Pointer 
Stack Pointer - 1 


o3-e24f- a ei i | OO ee OOO Ow RM RB fl ew wl ew eB BO (OOP OW 








OnP WN DATA WH HH OGTAWNH H( HPWH HH TP WH |B) PWD = 


Oo 
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Op Code 

Offset 

Low Byte of Restart Vector 

First Subroutine Op Code 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 


Address Mode & 
Instructions 


EXTENDED 
JMP 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


STA 


LOS 
LDX 
LDD 


STS 
STX 
STD 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 


CPX 
SUBD 
ADDD 


JSR 


*In the TST instruction, R/W line of the sixth cycle is 1” level, and AB=FFFF, DB=Low Byte of Reset Vector. 





Cycle R/W 





Table 12 Cycle by Cycle Operation (Continued) 


Data Bus 


























Op Code Address ah 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 


TOp Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 


3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Jump Address (High Order Byte) 
3 Op Code Address + 2 1 Jump Address (Low Order Byte) 

4 1 Op Code Address Bi: 1 lop Code 
2 Op Code Address + 1 1 Address of Operand (High Order Byte) 
3 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
4 Address of Operand 1 Operand Data 

4 1 | Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Destination Address (High Order Byte) 
3 Op Code Address +2 1 Destination Address (Low Order Byte) 
4 Operand Destination Address qs 0 | Data from Accumulator 

5 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Address of Operand (High Order Byte) 
3 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
4 Address of Operand 1 Operand Data (High Order Byte} 
5 Address of Operand + 1 1 Operand Data (Low Order Byte) 
1 
2 
3 
4 
5 


Address of Operand + 1 aol, 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Operand Data (Low Order Byte) 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 





Op Code Address [ 
Op Code Address + 1 
Op Code Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 





New Operand Data 
Op Code 


Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 











Op Code Address 

Op Code Address + 1 

Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
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Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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Table 12 Cycle by Cycle Operation (Continued) 































































































ok = 
IMPLIED 
ABA DAA SEC Op Code Address 1 Op Code 
ASL DEC SEf Op Code Address + 1 1 Op Code of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLi NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA eo — “: meee ok 
ABX Op Code Address 1 Op Code 
Op Code Address + 1 1 Irrelevant Data 
Address Bus FF FF 1 Low Byte of Restart Vector 
ASLD Op Code Address 1 Op Code 
LSRD Op Code Address + 1 1 Irrelevant Data 
Address Bus FFFF 1___| Low Byte of Restart Vector 
DES Op Code Address 1 Op Code 
INS Op Code Address + 1 1 Op Code of Next Instruction 
Previous Register Contents 1 Irrelevant Data 
INX Op Code Address 1 Op Code 
DEX Op Code Address + 1 1 Op Code of Next Instruction 
Address Bus FFFF 1 Low Byte of Restart Vector 
PSHA Op Code Address 1 | Op Code 
PSHB Op Code Address + 1 1 Op Code of Next Instruction 
Stack Pointer O _| Accumulator Data 
TSX Op Code Address 1 Op Code 
Op Code Address + 1 1 Op Code of Next Instruction 
Stack -POUtBE 2. eon | Melevant Data _ 
TXS 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Address Bus FF FF 1 Low Byte of Restart Vector 
PULA 1 Op Code Address 1 Op Code 
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer + 1 1 
PSHX 4 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Index Register (Low Order Byte) 
4 Stack Pointer - 1 0) Index Register (High Order Byte) 
PULX 1 Op Code Address 1 | Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer + 1 1 Index Register (High Order Byte) 
5 Stack Pointer +2 1 Index Register (Low Order Byte) 
RTS 5 1 Op Code Address Op Code 
2 Op Code Address + 1 Irrelevant Data 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer + 1 Address of Next Instruction 
(High Order Byte) 
5 Stack Pointer + 2 Address of Next Instruction 
(Low Order Byte) 
WwAI** 9 1 Op Code Address Op Code 
2 Op Code Address + 1 Op Code of Next Instruction 
3 Stack Pointer Return Address (low Order Byte) 
4 Stack Pointer ~ 1 Return Address 
High Order Byte 
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Table 12 Cycle by Cycle Operation (Continued) 


R/W 


Instructions eles # Address Bus Line Data Bus 
Stack Pointer — 2 0 Index Register (Low Order Byte) 


wal** 


-|/~OOnN OO 


| Stack Pointer — 6 | | 
MUL 10 Op Code Address 








= 
HWNKD OOD WANA NF WNH 


RTI 10 


Swi 12 


WH = 





— = 
“OO MnO 


= 
nN 


Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 


Op Code Address + 1 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FFFF 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 





Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 


Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer - 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 





Vector Address FFFB (Hex) 








— ee oe sa ee ss | OOO FO 


1 


-—- = 


oo 


~-O0000°0 


index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 











Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond, Code Reg. 
from Stack 

Contents of Accumulator B 
from Stack 

Contents of Accumulator A 
from Stack 

Index Register from Stack 
(High Order Byte) 

tndex Register from Stack 
(Low Order Byte) 

Next Instruction Address from 
Stack (High Order Byte) 

Next Instruction Address from 
Stack (Low Order Byte) 


Op Code 
Irrelevant Data 


Return Address (Low Order Byte) 
Return Address 

(High Order Byte) 

Index ‘Register (Low Order Byte} 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 


**While the MPU is in the ‘‘Wait" state, its bus state will appear cs a series of MPU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI ins— 


truction, 
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Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle R/W 
Instructions Address Bus Data Bus 


RELATIVE 



















BCC BHT BNE Op Code Address Op Code 

BCS BLE BPL Op Code Address + 1 Branch Offset 

BEO BLS BRA Address Bus FF FF Low Byte of Restart Vector 
BGE BLT BVC 

BGT BMT BVS 


BRN 
BSR 














Op Code 
Branch Offset 

Low Byte of Restart Vector 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 







@ Summary of Undefined Instruction Operations When the op codes (4E, SE) are used to execute, the MPU 

The HD6801S has 36 undefined instructions. When these are continues to increase the program counter and it will not stop 
carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the 
change at random. LSI. 


Table 13 Op codes Map 









HD6801S MICROCOMPUTER INSTRUCTIONS 


CODE A | B EXTTimm | DIR | IND | 

| ___ 0000 | 0001 0010 | 0011 | 0100/0101 [0110] 0111] 1000] 1001] 1010] 1011] 1100 | 

Po tlt Pz ls Pa sh fot 7 {Taft eo fal el ec | 

|oooo | 0 | | ssa [eral Tsx_| 

ooo =f 1 | Nop [cealvern| ins [ ————_ 

ooo | 2 | Ht [PULA +1) 

poor | 3 | Od Bes [Puce (+11) 

foio =| 4 | LsRoi+n| —| scc | bes | 

porn [5 | aAsuoten| —| ecs | xs [| | BIT 

TaB BNE | PSHA | = ROR LDA 6 
[seq || PsHB | ASR 








iis 

















ro , 
face [psx Gen] NC _SSC*d xsd tO 


Ea a 
psec [four fmucen| ter «(Swear pw] sro en _| 
L— ect | warteoy | e+ | mp | + | tose) | tt box te) 
[— |ere | sms] CLR ett] _sTSt4) [ete] stxen)_| 
2/2 | 2/3 3/4 





ByTE/CveLE 1 2a [2a | 216 | a 


[NOTES] 1) Undefined Op codes are marked with : 
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction, 


3) The instructions shown below are all 3 bytes and are marked with “*”’. 
ee coe ee mode of SUBD, CPX, LDS, ADDD, LDD and LDX< instructions, and undefined op codes 


4) The Op codes (4E, SE) are 1 byte/ cycles instructions, and are marked with **", 
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EXECUTE 
: 


1-1 


N 
a 
N 


tZ 





Stack Machine State 
PC, X, A, B, CC 


3 
Y N 
Y 


Condition Code Register 





Figure 24 interrupt Flowchart 


WAI 


N 
Y N 
N 
N 
8 N 
; 
Y 


t—> 'TMP 
1+| 


*SCI = TIE*TDRE + RIE*(RDRF + ORFE) 








Vector > PC 


Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TDRE + RORF + ORFE) 





FFF6 FFF7 
| OCF | FFF4FFFS | 
| TOF | FFF2FFF3 | 
| SCi | FFFO FFF1 
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Vee Vee 









Enabie 
[coma NMI 
iRo, - —— RG, 
Vec Standby Port 3 Vec Standby 


Aes 8 Transfer AES 
Lines 









Port 1 
810 
Lines 


Port 1 
8 1/0 Lines 









Port 4 Port 2 Port 2 Port 4 
81/0 Lines 51/0 Lines § 1/0 Lines 81/0 Lines 
scl scl 

16 Bit Timer 16 Bit Timer 
Vss Vss 


Figure 25 HD6801S MCU Single-Chip Dual Processor Configuration 
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Enable 












R m 
ef = 
Pon Memory 
-— Peripheral 
aa 
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oe 
eee 


Adapter 
Address Data 
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enera 
Purpose 

Interface 
Adapter 





Figure 26 HD6801S MCU Expanded Non-Multiplexed Mode 





Address Bus Data Bus 
Figure 27 HD6801S MCU Expanded Multiplexed Mode 
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HD6801V0, HD6801V5 
MICU (Microcomputer Unit) 


The HD6801V MCU is an 8-bit microcomputer system which 
is compatible with the HD6801S except the ROM size. The 
HD6801V MCU is object code compatible with the HD6800 
with improved execution times of key instructions plus several 
new 16-bit and 8-bit instructions including an 8x8 unsigned 
multiply with 16-bit result. The HD6801V MCU can operate as 
a single chip microcomputer or be expanded to 65k words. The 
HD6801V MCU is TTL compatible and requires one +5.0 volt 
power supply. The HD6801V MCU has 4k bytes of ROM and 
128 bytes of RAM on chip. Serial Communications interface 
(SCI), and parallel I/O as weil as a three function 16-bit timer. 
Features and Block diagram of the HD6801V include the 
following: 

FEATURES 

Expanded HMCS6800 Instruction Set 

8 x 8 Multiply 

On-Chip Serial Communications Interface (SCI) 
Object Code Compatible With The HD6800 MPU 
16-Bit Timer 

Single Chip Or Expandable To 65k Words 

4k Bytes Of ROM 

128 Bytes Of RAM (64 Bytes Retainable On Power 
Down) 

29 Parallel 1/O Lines And 2 Handshake Control Lines 
Internal Clock/Divided-By-Four Circuitry 

TTL Compatible Inputs And Outputs 

Interrupt Capability 

Compatible with MC6801 (except ROM size) 


BLOCK DIAGRAM 








HD6801V0P 
HD6801V5P 





Vss(7] O Ps 
XTAL Bg sc, 
EXTAL sc 
NM (4] P,, 
IRQ, G PS 
HES Ba P,; 
Vee Ba) P,, 
Paw 33 Pi 
Pa BZ P,. 
P, Fa) p 
i Ae 
= HD6801V. f2" 
2 J P,. 
P,, Fp 
; £9 Pan 
Pie 28 Py, 
Py 27 P, 
Pi: Bd P., 
Pia Pay 
Pia 24) Pp 
Pi. 23 P 
1 
P,.. R2| P, 
Pp 


(Top View) 


= TYPE OF PRODUCTS 





Bus Timing 
HD6801V0 
HD6801V5 





1.25 MHz 
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© ABSOLUTE MAXIMUM RATINGS 


Scnply Volpe O3~ +70 v 
input Voltage -0.3~ +70 v 


Operating Temperature °C 
Storage Temperature = 55 ~+150 *C 


* With respect to Vsg (SYSTEM GND) 
[NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliabitity of LSI. 


= ELECTRICAL CHARACTERISTICS 
© DC CHARACTERISTICS (Vcc =5.0V+5%, Vsg = OV, Ta = 0~ +70°C, unless otherwise noted.) 


item Symbol | Test Condition | min| wp | max] Uni 
V 
ae ee lg el a 


ner. Fae cea 
mccvom fe [tat =p 


Pa ~Pe ee ee 

Input Load Current SC, ee : | - | — | 08 | mA 
Vin = 0~ Vee a ee ee 

input Lanka Curent |W, 9G, RES [Te] [Vn=0~ 8287 | = 


Three State (Offset) Pio ~ Piz, Pao ~ Pay First |v ee De ncaa Rae ae iy 
TS! in’ Ve ° | -~ | - | 10 | 


Leakage Current 
Hoag = -205uA [24 [ - | - | 
Output “High Voltage Vea MisaeeMenn laa oe le 9 
eSeEe 7 el oa 


pA 


Output “Low” Voltage [Ail Outputs | Vou [loan =1:6mA  [— | = [os |v 

Darlington Drive Current [Pio~Prr_ | lon [Vous 18V [4.0 [ — [100 | ma 

Power Dissipation Po = = 200 

igcioaeene cy [von ov ter aere [=F top 
[Other Inputs | t=tomme fT 

Vee Standby [Powerdown | eos | sf | 88 | 
[Operating [Vow [as |= 528 | 

Standby Current [Powerdown | lene [Vess=40v [- | [80 | ma 


“Except Mode Programming Levels. 
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@ AC CHARACTERISTICS 
BUS TIMING (Vcc = 5.0V+5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


hem Symbol Vals 


Cycle Time teye r+ [- | wfos]- | 10. HS 
Address Strobe Pulse Width “High” | 200 | - | - | 150] — | — | ns 
Address Strobe Rise Time | 5/- | so{ s5|- | 50] ns 
Address Strobe Fall Time tast | s|- | sof s|- | 50] ns 
Address Strobe Delay Time | oo | - | - | 30 | - | - | as 
Enable Rise Time | 5/- | s0[{ 5 | —- | 50] ns 
Enable Fall Time Pp 5 i|- | sof 5 |- | s0[ as 
Enable Pulse Width “High” Time 450 | - | - | 340 [- | - | ns 
Enable Pulse Width “Low” Time }450 | - | - [350 | - [| - | ns 
Ld 


Address Strobe to Enable Delay Time tasepd ns 





wt lad 
=| 2/8 5 
m x 
m 


Address Delay Time tap | — | - | 2600 f — | ns 
Address Delay Time for Latch tapi | - | - [270] - | - | ns 


ac 

| 260 | 

| 260 | 
Data Set-up Write Time | - | ns 
Data Set-up Read Time | - | ns 
| =| 
=a 
| - | 
| = | 
=a 


id 


Address Set-up Time for Latch a 
Address Hold Time for Latch taHL 
Address Hold Time 


Peripheral Read [Teo l — . 
Access Time ee 


Oscillator stabilization Time a 10 1100 | — | Ca Bear sees ms 
Peseor Conta Set ap Ti rant [eo | - [oo [- [- | 


ns 


ns 
ns 


ns 


S 


PERIPHERAL PORT TIMING (Vcc = 5.0V +5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Delay Time, Enable Positive Transition t am 
to OS3 Negative Transition oer ° 


Delay Time, Enable Positive Transition 
to OS3 Positive Transition 


Delay Time, Enable Negative 

Transition to Peripheral Data] Port 1, 2*, 3, 4 ns 
Valid 

Delay Time, Enable Negative 

Transition to Peripheral 

CMOS Data Valid 


Input Strobe Pulse Width ns 


eee 
input DataHold Time [potS | tw | Fig | 80 | - | - [mm 
input Data Setup Time | Por3 ——~i| ts | Fig | 20 | - | - |= 


“Except P,, **10kQ puil up register required for Port 2 


: 4 
a 
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TIMER, SC! TIMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.): 


item [Svat [Test Gover [win [we [ex ont 
Timer Input Puke Width ee 


Delay Time, Enable Positive Transition to 
Timer Out er os ee 


SCI Input Clock Pulse Width EY | 04 | = | 06 TL tscye 


MODE PROGRAMMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


item Symbor | Test Condition [min | we [max] Unk 
Le 


Mode Programming Input “Low” Voltage er ae Vv 
Mode Programming Input “High” Voltage _—_ p40 | - | - | Vv 
RES “Low” Pulse Width nen J Fig. 8 | 30 [ -— [| - | teve 
Mode Programming Set-up Time | 20 | - | - | teye 
Mode Programming RES Rise Time > tus ro | =- | - | ge 
el ee ee 


Hold Time RES Rise Time < 1s 


teye 


Address Strobe 
(AS) 


2.4V 

Enable 

(€) 

0.5V zz 

tet 

R/W, Ae~As 

oe ef == 

MPU Write . ay 

as ad ress 

me roa © ( Valid Date Valid ) 
0.6V 


aor tosR ——>| _ 





2.0V 


MPU Read 
0,~0,,A,~A, (| a) (| Data Valid ) 
(Port 3) 0.8V 


(taccm) 
Figure 1 Expanded Multiplexed Bus Timing 
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2.4V 
Enable 
(€) 


0.5V 


tap 
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teyc 


PWer 


ter jo tet 


jo tary 


AdPort4) 2.2V 
RW (SC) ( Address Valid ) 
TS (Sc) 0.6V 


0,~D, 
(Port 3) 


MPU Read 
D,~0d, 
(Port 3) 


ar ia 
MPU Wri 
bids { Data Valid bile 

0.6V 





Figure 2 Expanded Non-Multiplexed Bus Timing 


os MPU Read 


Enable(E) 


Pio ~ Pi, 
Pao ~ Pr 
Poo ~ Par 


Inputs 


*Port 3 Non-Latched Operation (LATCH ENABLE = 0) 


Figure 3 Data Set-up and Hold Times 
(MPU Read) 


im MPU access of Port 3° 


Enable(E) 


Address 
Bus 


—s | yet tosp2 
Fr OS01 3 
0.6V 


*Access matches Output Strobe Select (OSS = 0, a read: 
OSS = 1, a write) 





Figure 5 Port 3 Output Strobe Timing 
(Single Chip Mode) 





[ MPU Write 





Enabie(E) 


Alt Data 
Port Outputs 


(Note) 
1. 10 kQ Pullup resistor required for Port 2 to reach 0.7 Veg 


2. Not applicable to P,, 
3. Port 4 cannot be pulled above Voc 


Figure 4 Port Data Delay Timing 
(MPU Write) 





Figure 6 Port 3 Latch Timing 
(Single Chip Mode) 
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Enable 
(E) 
Timer Output Compare 
Counter Matched 
Mode Inputs 


(Pio. Pay. Pao) 





P,, 
Output 


Figure 8 Mode Programming Timing 


Figure 7 Timer Output Timing 


Vee 


Ry = 2.2kn 


Test Point Test Point 
1$2074 @ 
30pF or Equiv. 


C = 90 pF for f P,,,F P,,,E,SC,,SC 

= 30 of for Pre Pia ePre Py : 
R= 12k2 for P,,~P,,.P,,~P .E,SC,.SC 
for a 37°F aa ad ' 2 


te P20 24 


(a) CMOS Load 























(b) TTL Load 
Figure 9 Bus Timing Test Loads 
Cycle | | | | | | 
Last Instruction —» a #2 a a & 6 a7 «8 "9 #10 ii wi2 
€ 
1 Bit Set 


Internal 
Address ur Kong XA __A__X_X_X__X_ XX XXX OX KX) 
Op Code Op Code SPin) SPin-1}  SPin-2}  SPin-3)  SPin4) = SP{n-5) - SP(n-6}  SPin-?) Vector Vector New PC 
Adar Addr +1 MSB Addr LSB Addr Address 


IRQ, et ae as 


peas vate 
NMI of IRQ2 





—+| fe Pcs 


ee Dee ee 
pene OpCode OpCade PCO-PCT PCB-PCI5 KO-x? MO=XIS ACCA” ACCB CCR ‘Intelevant’ Vector ‘“Veclor Firatinst, o| 

Data MSB LsB interrupt Routine 
Internal R/W \ ee ne AS 


* 1RQ, -- Internal Interrupt 
Figure 10 Interrupt Sequence 


‘ (MMMM (MMOL, PLL 


— 3. 25V. re 
Vee 4.75V 
a tes =i *— ‘cs 
3 D 08V 
RES a T } — 
Address Bus FFFE FFE FFFE FFFE FFFF New PC FFFE FFFE 
ei AAS ANANUNAAAUANUUNUUUANUANNN LC 
Internal 
Data Bus 
PCB~PC15 PCO~PC7 First 


Instruction 
AY Not vatig 


Figure 11 Reset Timing 
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® SIGNAL DESCRIPTIONS 


@ Vcc and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts +5%. 
@ XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Divide by 4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The divide by 4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. EXTAL may 
be driven by an external TTL compatible clock source with a 
50% (+10%) duty cycle. It will divide by 4 any frequency less 
than or equal to 5 MHz. XTAL must be grounded if an external 
clock is used. The following are the recommended crystal para- 
meters: 


Nominal Crystal Parameter 





XTAL 
CL1 = C2 = 22pF + 20% 
SS (3.2 ~ 5 MHz) 
EXTAL [Note] These are representative 


AT cut parallel resonance 
crystal parameters. 


Figure 12 Crystal Interface 


@ Vcc Standby 
This pin will supply +5 volts 5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that Voc Standby does not go below 
Vgpp during power down. 
To retain information in the RAM during power down the 
following procedure is necessary: 
1) Write “0” into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc Standby greater than Vspp. 


Vec Standby Power Line 


rh 


Figure 13 Battery Backup for Veg Standby 
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®@ Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must_be held 
“Low” for at least 100 ms. During operation, RES, when 
brought “Low” must be held ‘‘Low” at least 3 clock cycles. 

When a “High” level is detected, the MPU does the follow- 
ing: 

1) All the higher order address lines will be forced “High”. 

2) I/O Port 2 bits, 2, 1, and 0 are latched into programmed 

control bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
MPU can recognize maskable interrupts. 

@ Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 


@ Non-Maskable Interrupt (NMi) 

A low-going edge on this input requests that a non-maskable- 
interrupt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effecton NMI. __ 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the MPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kQ external resistor to VCC should be used for 
wire-OR and optimum control of interrupts. 

Inputs TRQ, and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
E following the completion of an instruction. 


@ Interrupt Request (IRQ, ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit “High” so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations $FFF8 and $FFF9. An address 
loaded at these locations causes the MPU to branch to an inter- 
rupt routine in memory. 

The IRQ, requires a 3.3 kQ external resister to Vcc which 
should be used for wire-OR and optimum control of interrupts. 
Internal Interrupts. will use an internal interrupt line (TRQ2). 
This interrupt will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. IRQ, will 
have priority over IRQ, if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 
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Table 1 Interrupt Vector Location 
Vector Interrupt 
MSB | LSB 
Highest FFFE | FFFF | Res 
Priority FFFC | _FFFD | NMI 
FFFA | FFFB | Software Interrupt (SWI) 
FFF8 | FFFQ | IRQ, (or 1S3) 
FFFG ICF (input Capture) 
_FFF4 | FFFS | OCF (Output Compare) 
“FFF2 | FFF3 | TOF (Timer Overflow) 
Sn FFFO | FFF1 | SC, (RDRF + ORFE + TORE) 


The following pins are available in the Single Chip Mode, and 
are associated with Port 3 only. 


@ Input Strobe (iS3) (SC, ) 

The function of the IS3 signal depends on the I/O Port 3 
Control/Status Register. If IS3 Enable bit is set, an interrupt 
will occur by the fall of the IS3 signal. If the latch enable bit is 
set, the data in the I/O Port 3 will be latched at the I/O Port 3 
Data Register. The timing condition of the IS3 signal that is 
necessary to be latched the input data normally is shown in 
Figure 6. 


© Output Strobe (OS3) (SC) 

This signal is used by the processor to strobe an external 
device, indicating valid data is on the I/O pins. The timing for 
the Output Strobe is shown in Figure 5 1/0 Port 3 Control/ 
Status Register is discussed in the following section. 


The following pins are available in the Expanded Modes. 


© Read/Write (R/W) (SC, ) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (‘‘High”) or a 
Write (“Low”) state. The normal standby state of this signal is 
Read (“High”). This output is capable of driving one TTL load 
and 90 pF. 


@ 1/O Strobe (IOS) (SC;) 

In the expanded non-multiplexed mode of operation, JOS 
internally decodes Ag through Aj,5 as zero’s and Ag as a one. 
This allows external access of the 256 locations from $0100 to 
$O1FF. The timing diagrams are shown as figure 2. 


@ Address Strobe (AS) (SC, )} 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB’s of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 19. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing fcr this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, tasp before the data is enabled to 
the bus. 





® PORTS 

There are four I/O ports on the HD6801V MCU; three 8-bit 
ports and one 5-bit port. There are two control lines associated 
with one of the 8-bit ports. Each port has an associated write 
only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A “1” in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A “O” in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
four ports: Port. 1, Port 2, Port 3, and Port 4. Their addresses 
and the addresses of their Data Direction registers are given in 
Table 2. 


* The only exception is bit 1 of Port 2, which can either be data 
input or Timer output. 


Table 2 Port and Data Direction Register Addresses 


Port Address 









Data Direction 
Register Address 











1/O Port 1 $0000 
1/0 Port 2 $0001 
1/0 Port 3 


1/0 Port 4 





@ 1/0 Port 1 
This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 


register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic ‘‘1” and less than 0.8 V for a logic **0’’. As out- 
puts these lines are TTL compatible and may also be used as 
a source of up to 1 mA at 1.5 V to directly drive a Darlington 
base. After Reset, the I/O lines are configured as inputs. In all 
three modes, Port 1 is always parallel 1/O. 


@ 1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 
state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic ‘1’? and less than 0.8 V for a logic “0”. As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pins 10, 9, and 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these pins at reset are latched into the three MSB’s (bits 7, 6, 
and 5) of Port 2 which are read only. This is explained in the 
Mode Selection Section. 

In all three modes, Port 2 can be configured as I/O and 
provides access to the Serial Communications Interface and the 
Timer. Bit 1 is the only pin restricted to data input or Timer 
output. 

@ 1/0 Port 3 

This is an 8-bit port that can be configured as I/O, a data bus, 
or an address bus multiplexed with the data bus — depending on 
the mode of operation hardware programmed by the user at 
reset. As a data bus, Port 3 is bi-directional. As an input for 
peripherals, it must be supplied regular TTL levels, that is, 
greater than 2.0 V for a logic **!”’ and less than 0.8 V for a logic 
“Q”’ 
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Its TTL compatible three-state output buffers are capable of 
driving one TTL load and 90 pF. In the Expanded Modes, after 
reset, the data direction register is inhibited and data flow 
depends on the state of the R/W line. The input strobe (IS3) 
and the output strobe (OS3) used for handshaking are explained 
later. 

In the three modes, Port 3 assumes the following charac- 
teristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. There are two control 
lines associated with this port in this mode, an input strobe and 
an output strobe, that can be used for handshaking. They are 
controlled by the I/O Port 3 Control/Status Register explained 
at the end of this section. Three options of Port 3 operations 
are sumarized as follows: (1) Port 3 input data can be latched 
using IS3 (SC, ) as a control signal, (2) OS3 can be generated by 
either an MPU read or write to Port 3’s Data Register, and (3) 
and IRQ, interrupt can be enabled by an IS3 negative edge. 
Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6. 

Expanded Non-Multiplexed Mode: In this mode, Port 3 
becomes the data bus (Dy ~D-). 

Expanded Multiplexed Mode: In this mode, Port 3 becomes 
both the data bus (Dp~D-,) and lower bits of the address bus 
(Ap~A7). An address strobe output is true when the address is 
on the port. 





$000F 





1/0 PORT 3 CONTROL/STATUS REGISTER 

7 6 5 4 3 2 1 

a is3 LATCH x 

1S3 

FLAG | ENABLE ENABLE 

Bit 0; Not used. 

Bit 1; Not used. 

Bit 2; Not used. 

Bit 3; LATCH ENABLE. This controls the input latch for I/O 
Port 3. If this bit is set “High” the input data will be 
latched with the falling edge of the Input Strobe, IS3. 
This bit is cleared by reset, and the latch is ‘‘re-opened” 
with MCU read Port 3. 

Bit 4; OSS. (Output Strobe Select) This bit will select if the 
Output Strobe should be generated at OS3 (SC,) by a 
write to I/O Port 3 or a read of I/O Port 3. When this bit 
is cleared the strobe is generated by a read Port 3. When 
this bit is set the strobe is generated by a write Port 3. 

Bit 5; Not used. 

Bit 6; IS3 IRQ] ENABLE. When set, interrupt will be enabled 
whenever IS3 FLAG is set; when clear, interrupt is 
inhibited. This bit is cleared by RES. 

Bit 7; IS3 FLAG. This is a read only status bit that is set by 
the falling edge of the input strobe, IS3 (SC,). It is 
cleared by a read of the Control/Status Register fol- 
lowed by a read or write of I/O Port 3. Reset will clear 
this bit. 

@ 1/0 Port 4 

This is an 8-bit port that can be configured as I/O or as 
address lines depending on the mode of operation. In order to 
be read properly, the voltage on the input lines must be greater 


than 2.0 V for a logic **1” and less than 0.8 V for a logic “0”. 
As outputs, each line is TTL compatible and can drive 1 TTL 


load and 90 pF. After reset, the lines are configured as inputs. 
To use the pins as addresses, therefore, they should be 
programmed as outputs. In the three modes, Port 4 assumes the 
following characteristics: 

Single Chip Mode: Parallel Inputs/Outputs as programmed by 
its associated Data Direction Register. 

Expanded Non-Multiplexed Mode: In this mode, Port 4 is 
configured as the lower order address lines (Ap~A7) by writing 
one’s to the data direction register. When all eight address lines 
are not needed, the remaining lines, starting with the most 
significant bit, may be used as I/O (inputs only). 

Expanded Multiplexed Mode: In this mode, Port 4 is 
configured as the higher order address lines (Ag~Aj5) by writ- 
ing one’s to the data direction register. When all eight address 
lines are not needed, the remaining lines, starting with the most 
significant bit; may be used as I/O (inputs only). 


® OPERATION MODES 

The mode of operation that HD6801V will operate in after 
Reset is determined by hardware that the user must wire on pins 
10, 9, and 8 of the chip. These pins are the three LSB’s (I/O 2, 
I/O 1, and 1/0 0 respectively) of Port 2. They are latched into 
programmed control bits PC2, PC1, and PCO when reset goes 
high. I/O Port 2 Register is shown below. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
$0003 


An example of external hardware that could be used for 
Mode Selection is shown in Fig 14. The HD14053B provides 
the isolation between the peripheral device and MCU during 
Reset, which is necessary if data conflict can occur between 
peripheral device and Mode generation circuit. 

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot 
be changed through software. The mode selections are shown in 
Table 3. 

The HD6801V is capable of operating in three basic modes; 
(1) Single Chip Mode, (2) Expanded Multiplexed Mode (com- 
patible with HMCS6800 peripheral family) (3) Expanded Non- 
Multiplexed Mode. 


®@ Single Chip Mode 
In the Single Chip Mode the Ports are configured for I/O. 
This is shown in Figure 16 the single Chip Mode. In this 
mode, Port 3 will have two associated control lines, an input 
strobe and an output strobe for handshaking data. 


@ Expanded Non-Multiplexed Mode 

In this mode the HD6801V will directly address HMCS6800 
peripherals with no external logic. In this mode Port 3 becomes 
the data bus. Port 4 becomes the Ayg~A, address bus or partial 
address and I/O (inputs only). Port 2 can be parallel 1/O, serial 
1/O, Timer, or any combination of them, Port 1 is parallel I/O 
only, In this mode the HD6801V is expandable to 256 loca- 
tions. The eight address lines associated with Port 4 may be 
substituted for 1/O (inputs only) if a fewer number of address 
lines will satisfy the application (See Figure 17). 
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Vcc Standby © Oo IRQ, 


81/0 Lines 


8 I/O Lines 








RES 







HD6801V 







P,, (PCO) 
P,, (PC1) 
P,, (PC2) 








HD14053B 





[NOTES] 1) Mode 7 as shown 
2) RC=Reset time constant 
3) R, =10k2 






Binary to 1-of-2 
Decoder with 
Inhibit 























ey Vec Standby O © IRQ 
1 


RES © 
- Port 1 Port 3 
SOUNe S Faralle/O 8 Data Lines 
RW 
} Port 3 
1/0 Strobes Port 2 acne 
Port 2 5 Parallel 1/0 To 8 Address 
5 1/0 Lines oct Lines or To 
scl Taner 8 1/0 Lines 
Vss Timer Vee (Inputs Only) 
Figure 16 HD6801V MCU Single-Chip Mode Figure 17 HD6801V MCU Expanded Non-Multiplexed Mode 
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@ Expanded Multiplexed Mode 

In this mode Port 4 becomes higher order address lines with 
an alternative of substituting some of the address lines for I/O 
(inputs only). Port 3 is the data bus multiplexed with the lower 
order address lines differentiated by an output called Address 
Strobe. Port 2 is 5 lines of Parallel I/O, SCI, Timer, or any 
combination of them. Port 1 is 8 Parallel I/O lines. In this mode 
it is expandable to 65k words. (See Figure 18). 


@ Lower order Address Bus Latches 

Since the data bus is multiplexed with the lower order 
address bus in Port 3,.latches are required to latch those address 
bits. The 74LS373 Transparent octal D-type latch can be used 
with the HD6801V to latch the least significant address byte. 
Figure 19 shows how to connect the latch to the HD6801V. 
The output control to the 74LS373 may be connected to 
ground. 


GND 


AS 


Port 3 
Address/Data 
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Vec 







Vec Standby O IRQ, 


RES HD6801V R/W 
MCU Port 3 
Port 1 8 Lines 
81/O Lines Multiplexed 
Data/Address 
Address Strobe 
Port 2 
Port 4 
SO eines To 8 Address 
SCI : 
Timer Lines or To 
8 1/0 Lines 
Vss (Inputs Only) 


Figure 18 HD6801V MCU Expanded Multiplexed Mode 


Function Table 


Output Enable 
Control 
E 


Address: A, ~A, 


Oo 


peer 
xrrtr 
xxrijl,o 
NOcCr 

° 





Data: D,~D, 


Figure 19 Latch Connection 


@ Mode and Port Summary MCU Signal Description 


This section gives a description of the MCU signals for the various modes. 
that the chip is in. 





SINGLE CHIP 


EXPANDED MUX 


EXPANDED NON-MUX 1/0 1/0 





PORT 1 PORT 2 PORT 3 PORT 4 
ee Lines Five Lines ee Lines ea Lines 
a BUS 


DATA BUS 


DATA BUS 


SC, and SC, are signals which vary with the mode 









iS3 | iss | 













ADDRESS BUS* 
(Ag~Ais) 


(Ag~A7) AS(O) 







(Do~D7) 
ADDRESS BUS* 


(Dy~D7) (Ap ~A7) 





*These lines can be substituted for t/O (Input Only) starting with the most significant address line. 


1= Input 1S3 = Input Strobe 
O = Output pee = Output Strobe 
R/W = Read/Write IOS = 1/0 Select 


SC = Strobe Control! 
AS = Address Strobe 
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Table 3 Mode Selection Summary 





wo [i [in [vom [owe [ oem [a [Pa 
(PC2) (PCO) Vectors ee Mode 
a Single Chip 
Se a a a a ar Multipiexed/Partial Decode 
s [4 | t | 4 | 1 | 1 | + | NMUxt6! |" Non-Muttiplexed/Partial Decode 
a fw fe fe | mam 1 | 1 | Single Chip Test 
a9 [ue fu [w]e | © | © | MUX | Multiplexed/No RAM & ROM 
2 [ue [x fe] e | | © | mux | Muttiplexea/RAM 
mopee Poe Pw Po ft mux Muttipiexea/Ram & ROM 
Oo | = fx Multiplexed Test 
LEGEND: [NOTES] 
| — internal 1) internal RAM is addressed at $X X80 
E — External 2) internal ROM is disabled 
MUX — Multiplexed 3) RES vector is external for 2 cycles after RES goes “High” 
NMUX — Non-Multiplexed 4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 
L — Logic “0” 1,2,and3 . 
H -- Logic ‘'1” 5) Addresses associated with Port 3 are considered externa! in Modes 5 and 6 
6) Port 4 default is user data input; address output is optional by writing to Port 4 
Data Direction Register 
@ MEMORY MAPS @ INTERRUPT FLOWCHART 
The MCU can provide up to 65k byte address space depend- The Interrupt flowchart is depicted in Figure 24 and is com- 


ing on the operating mode. A memory map for each operating mon to every interrupt excluding reset. 
mode is shown in Figure 20. The first 32 locations of each map 


are reserved for the MCU’s internal register area, as shown in 
Table 4. With exceptions as indicated. 


Table 4 Internal Register Area 






Address 
Port 1 Data Direction Register *** 





Port 2 Data Direction Register*** 01 
Port 1-Data Register 02 
Port 2 Data Register 03 
Port 3 Data Direction Register *** 04* 
Port 4 Data Direction Register *** o5** 
Port 3 Data Register 06* 
Port 4 Data Register 07** 
Timer Control! and Status Register 08 
Counter (High Byte} 09 
Counter (Low Byte) 0A 





Output Compare Register (High Byte) 












Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Port 3 Control and Status Register 






oD 
OE 


Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 


11 
12 


RAM Control Register 
Reserved 


* External address in Modes 0, 1, 2, 3, 5, 6; cannot be 
accessed in Mode 5 (No. |OS) 
** External addresses in Modes 0, 1, 2,3 
*** 1=Output, O=Input- 
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HD6801V 
Mode 


Multiplexed Test mode 


$0000(") YY) (wesenalagieters 


$001F 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 


[NOTES] 
4) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and $OF. 
2) Addresses $F FFE and $F FFF are considered 
external if accessed within 2 cycles alter a 
positive edge of RES and internal at all other 
times. 
After 2 MPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 
This mode is the only mode which may be used 
to examine the interrupt vectors in internal 
ROM using an external Reset vector. 


Internal Interrupt Vectors(2 





TE  ————— AD6801VO.HDE801V5 


HD6801V 
Mode 


Multiplexed/RAM & ROM 


"GF 
"WU: Z| 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 


External Interrupt Vectors 
$FFFF 


[NOTES] 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$OF. 

2) Internal ROM addresses $F FFO to $FFFF are 
not usable. 


Figure 20 HD6801V Memory Maps 
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HD6801V 
Mode 
Multiplexed/RAM 


$0000(1) YYW), Internal Registers 


$001F 
External Memory Space 


$0080 
Internal RAM 


$OOFF 


External Memory Space 


$FFFO 


$FFFF External Interrupt Vectors 


[NOTE] 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 


HD6801V 
Mode 


Muitiplexed/No RAM or ROM 


$0000!) Yy Internal Registers 


$001F 


External Memory Space 


External Interrupt Vectors 


$FFFO 
$FFFF 


[NOTE] 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
SOF. 





Figure 20 HD6801V Memory Maps (Continued) 
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HD6801V 
Mode 


} Internal Registers 


Single Chip Test 
$0000 
$001F 


Unusable(1)(4) 


internal RAM 


$XxX80 
internal Interrupt Vectors 


$XXFF 


{NOTES} 

1) The internal ROM is disabied. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a “1” into 
the PCO bit of Port 2 Data Register. 

Addresses A, to A,, are treated as “don’t 
cares” to decode internal RAM. 
internal RAM will appear at $XX80 to $XXFF. 
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HD6801V 
Mode 


Non-Multiplexed/Partial Decode 


$0000'1) 
Internal Registers 
$001F 
Unusable 


$0080 


SOOFF 
$0100 


| Internal RAM 


Externat Memory Space 
$01FF 


Unusable 


Internal ROM 


SFFFF internal interrupt Vectors 


[NOTES] 

1) Excludes the following addresses which may 
not be used externally: $04, $06, and $OF. 
(No iOS) 

2) This mode may be entered without going 
through RES by using Mode 4 and sub- 
sequently writing a ‘'1” into the PCO bit of 
Port 2 Data Register. 

Address lines A, ~A, will not contain address- 
es until the Data Direction Register for Port 4 
has been written with “1's”’ in the appropriate 
bits. These address lines will assert ‘'1's'’ until 
made outputs by writing the Data Direction 
Register. 





Figure 20 HD6801V Memory Maps (Continued) 
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HD6801V HD6801V 
Mode Mode 


Multiplexed/Partial Decode Single Chip 


$0000 


$0000!1) Yj Internal Registers soos LIA Internal Registers 


$001F 
External Memory Space Unusable 
$0080 


$0080 Le 
Yyy Internal RAM eee Internal RAM 


SOOF F 


External Memory Space Unusable 


Internal ROM Internal ROM 


Internal Interrupt Vectors Internal Interrupt Vectors 


$FFFF 


(NOTES) 

1) Exciudes the following address which may be 
used externally: $04, $06, SOF. 

2) Address lines Ag~A,, will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with 1's” in the 
appropriate bits. These address lines will 
assert ‘'1’s’’ until made outputs by writing the 
Data Direction Register. 





Figure 20 HD6801V Memory Maps (Continued) 
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® PROGRAMMABLE TIMER 

The HD6801V contains an on-chip 16-bit programmable 
timer which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 
¢ an 8-bit control and status register, 

* a 16-bit free running counter, 

* a 16-bit output compare register, and 

* a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 21. 
®@ Free Running Counter ($0009:000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the MPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any MPU 
write to the counter’s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 
© Output Compare Register ($0008:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a “1” (Output), 









HD6801V Internat Bus 


Output Compare Puise 
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the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
level bit may then be changed to control the output level on the 
next compare value. The Output Compare Register is set to 
$FFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

@ Input Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

* With Port 2 Bit 0 configured as an output and set to “1”, the 

external input will still be seen by the edge detect unit. 
© Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

*a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register. 

*a match has been found between the value in the free 
running counter and the output compare register, and 

«when $0000 is in the free running counter. 

Each of the flags may be enabled onto the HD6801V internal 
bus (IRQ,) with an individual Enable bit in the TCSR. If the 








po 
Output 


Level 
Register 


Levet Edge 


Port 2 Port 2 


Figure 21 Block Diagram of Programmable Timer 
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Timer Control and Status Register 
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I-bit in the HD6801V Condition Code register has been cleared, 
a priority vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 

Bit O OLVL Output Level — This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set, the value will 
appear on the output pin. 

Bit 1 1EDG Input Edge — This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
O must be clear for this function to operate. IEDG- 
= 0 Transfer takes place on a negative edge 
(“High”-to-“Low” transition). 

IEDG = 1 Transfer takes place on a positive edge 
(“Low”-to-“High” transition). 

Bit 2 ETO! Enable Timer Overflow Interrupt — When set, this 
bit enables IRQ, to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOC! Enable Output Compare Interrupt — When set, 
this bit enables IRQ, to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 
Enable input Capture Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 
Timer Overflow Flag — This read-only bit is set 
when the counter contains $0000. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
MPU read of the Counter ($09). 
Output Compare Flag — This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an MPU write to the output compare 
register ($OB or $0C). 

Input Capture Flag — This read-only status bit is 

set by a proper transition on the input; it is cleared 

by a read of the TCSR (with ICF set) followed by 
an MPU read of the Input Capture Register ($OD). 








Bit 4 EICI 





BitS TOF 


Bit 6 OCF 


Bit 7 ICF 


® SERIAL COMMUNICATIONS INTERFACE 

The HD6801V contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 


MPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 


@ Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
“wakes-up”) for the next message. The “wake-up” is auto- 
matically triggered by a string of ten consecutive 1’s which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 


@ Programmable Options 

The following features of the HD6801V serial I/O section are 
programmable: 

+ format — standard mark/space (NRZ) 

* Clock — external or internal 

* baud rate — one of 4 per given MPU ¢2 clock frequency or 

external clock x8 input 

* wake-up feature — enabled or disabled 

*Interrupt requests — enabled or masked individually for 

transmitter and receiver data registers 

*clock output — internal clock enabled or disabled to Port 

2 (Bit 2) 
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 
®@ Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

* an 8-bit control and status register 

*a4-bit rate and mode control register (write only) 

* an 8-bit read only receive data register and 

* an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 


Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits O~4 may be written. The 
register is initialized to $20 on RES. The bits in the TRCS 
register are defined as follows: 


Transmit/Receive Control and Status Register 


7 6 5 4 3 2 1 0 
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Bit 0 WU 


Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 


Bit 5 TORE 


Bit7 


Rate and Mode Control! Register 
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Bit 0 


ee CCC 


Transmit/Receive Control and Status Register 


oefeond ne] we [ve] ve" 






Port 2 





Receive Data Register 


Receive Shift Register 


Bit Rate 
Generator 


Transmit Shift Register 


(Not Addressable) 








{Not Addressable) 





Transmit Data Register 


Figure 22 Serial 1/O Registers 


“Wake-up” on Next Message — set by HD6801V 
software and cleared by hardware on receipt of 
ten consecutive 1’s or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
MPU set of WU flag. 

Transmit Enable — set by HD6801V to produce 
preamble of nine consecutive 1’s and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial 1/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Receiver Enable — when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial 1/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 

Transmit Data Register Empty — set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The [DRE bit 
is cleared by reading the status register, then 
writing a new byte into the transmit data register, 





TDRE is initialized to 1 by RES. 

Bit 6 ORFE Over-Run-Framing Error — set by hardware when 
an overrun or framing error occurs (receive only). 
An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occurred when the byte boundaries in bit 
stream are not synchronized to bit counter. If WU 
flag is set, the ORFE bit will not be set. The 
ORFE bit is cleared by reading the status register, 
then reading the Receive Data Register, or by 
RES. 

Bit 7 RDRF Receiver Data Register Full — set by hardware 
when a transfer from the input shift register to the 
receiver data register is made. If WU flag is set, 
the RDRF bit will not be set. The RDRF bit is 
cleared by reading the status register, then reading 
the Receive Data Register, or by RES. 


Rate and Mode Controi Register 

The Rate and Mode Control register controls the following 
serial I/O variables: 

* Baud rate 

* format 

* clocking source, and 

* Port 2 bit 2 configuration 

The register consists of 4 bits all of which are write-only and 
cleared on RES. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining two bits control the 
format and clock select logic. The register definition is as 
follows: 


Rate and Mode Control Register 


7 6 


5 4 3 2 1 0 
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Bit 0 SSO 
Bit 1 SS1 


Speed Select - These bits select the Baud rate for 
the internal clock. The four rates which may be 
selected are a function of the MPU ¢, clock 
frequency. Table 5 lists the available Baud rates. 





Bit 2 CCO Clock Control and Format Select — this 2-bit field 
Bit 3 CC1 controls the format and clock select logic. Table 6 
defines the bit field. 


Table 5 SCI Bit Times and Rates 










S$S1 : SSO 


- oO Oo 
o-- Oo 


*HD6801V5 Only 


XTAL zasTeMie [40M 


26 us/38,400 Baud 
208 us/4,800 Baud 
1.67 ms/600 Baud 
6.67 ms/150 Baud 






4.9152 MHz* 

















1.2288 MHz 
16 ps/62,500 Baud 13 us/76,800 Baud 
128 us/7812.5 Baud 104.2 us/9,600 Baud 
1.024 ms/976.6 Baud 833.3 us/1,200 Baud 





4.096 ms/244.1 Baud 3.33 ms/300 Baud 


Table 6 SCI Format and Clock Source Control 





CC1: CCO 


0 1 Internal 
1 0 Internal 
j 1 External 


* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = ‘1’ in TRCS; bit 4 is used for serial output if TE = 1° in TRCS. 


Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

* the values of RE and TE are immaterial. 

*CC1, CCO must be set to 10 

«the maximum clock rate will be E+ 16. 

* the. clock will be at 1x the bit rate and will have a rising 

edge at mid-bit. 


_ Externally Generated Clock 
If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable: 

*the CC1, CCO, field in the Rate and Mode Control Register 
must be set to 11, 

*the external clock must be set to 8 times (x8) the desired 
baud rate and 

*the maximum external clock frequency is 1.0 MHz. 


@ Serial Operations 
The serial I/O hardware should be initialized by the 
HD6801V software prior to operation. This sequence will 
normally consist of; 
*writing the desired operation control bits to the Rate and 
Mode Control Register and 
¢ writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 
The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Clock Source Port 2 Bit 2 Port 2 Bit 3 
















Port 2 Bit 4 





eH 


Not Used 
Output* 
Input 






ee 


Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of 1’s. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the transfer itself, the O start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6801V fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data is supplied to the data 
register. No 0’s will be sent while TDRE remains a 1. 
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Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2 Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
HD6801V responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


® RAM CONTROL REGISTER 

This register, which is addressed at $0014, gives status 
information about the standby RAM. A 0 in the RAM enable 
bit (RAM E) will disable the standby RAM, thereby protecting 
it at power down if Vcc Standby is held greater than Vspp 
volts, as explained previously in the signal description for Vcc 
Standby. 


RAM Control Register 


$0014 


BitO Not used. 

Bit 1 Not used. 

Bit 2 Not used. 

Bit 3 Not used. 

Bit4 Not used. 

Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the standby RAM. This bit is set 
to a logic “1” by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Big 7STBY The Standby Power bit is cleared when the stand- 

PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 


@ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6801V is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 

Included in the instruction set section are the following: 

* MCU Programming Model (Figure 23) 

* Addressing modes 

¢ Accumulator and memory instructions — Table 7 

* New instructions 

* Index register and stack manipulations instructions ~ Table 

8 
* Jump and branch instructions — Table 9 
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* Condition code register manipulation instructions — Table 10 

* Instructions Execution times in machine cycles — Table 
11 

* Summary of cycle by cycle operation — Table 12 

* Summary of undefined instructions operation 

* Op codes Map — Table 13 


@ MCU Programming Model 

The programming model for the HD6801V is shown in Figure 
23. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 


8-Bit Accumulators A and B 


Or 16-Bit Double Accumulator D 


Index Register (X) 


15 . PC 0 


Program Counter (PC) 


z (o} 

Pif staf efyf2[ vie] Condition Code Register (CCR) 
Carry/Borrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 
Half Carry (From Bit 3) 


Figure 23 MCU Programming Model 


@ MCU Addressing Modes 

The HD6801V eight-bit microcomputer unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 11 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The MCU addresses this location when it fetches the immediate 
instruction for execution, These are two or three-byte instruc- 
tions. 
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Table 7 Accumulator & Memory Instructions 






























: Condition Code 
Addressing Modes Register 
aac PiMMeD, [DIRECT | INDEX IMPLIED | arithmetic Operation {5 [4 [3[2[7 [0 
| fo | [efor |] + for x] o* |~ [+] ve 
Add | appa [as ]2[2 [98/32 |asl4|2[eela [3] | | ja+e=a tie ltieis lt 
| apps {ce {2|2(os/3 [2{fesl4{2{eeia[3| [ | [e+m>B [et feistsiti+ 
Aaa Dowbie | apo [ca |s[s[oa/s[z[es|e/2irafe|s| |_| [arsemimei=ace [el>|*|#[e]t 
Add Accumulators| ABA | ||| | || | | { | | [e[2[ifa+esa [efeleis ete 
Add with Cary | apca [ao [2/2/99 [3 [2 |agi4|2eolais{ | | [atm+c>a  [sleolett {es 
| apes [co [2]2[p9/3[2leola{2lrola[s] | | [e+m+c>ea  [slelsielsys 
AND | anpa [aa [2i2loa[s|2{asla[2|eaiais| | [| [amsa fe lels[e[R[o 
| anos [ca |2[2[o4[3 |2lea|s{2[rala[s| | | [em-B ele [s{s|Rlo 
Bit Test |_sita [es |2|2 os ]3|2]as|4|2ies|4{3] | | jam se fo ee Reo 
| ers [es [2/2 | SE a TR ° 
Clear cn | | | dT TT fer [el2 [felis] | | joo~m [e Je [R[s [RIA 
| curA [| TTT Te TT TT fae fafifoowa Tele iRisirir 
pcre | Tt] tT Tit Te TT feeletifoo~s  feleiRisiAir 
Compare erat fa 12 far 1s afar (siz esate A-M fe [os [e [a] 
| _cmee {ct [2 [2 [01 | al2{erfa{3| [| | |e-m DOGEEE 
Compare 
ec 
Complement. |_com {| || | | jelelalalels) | | |M=™ fe |ee{vials 
| coma [T [UT TUT TTT Ty fas fetifasa fe fe [ett lays 
|come [| [] [ [| |i [Tt [ [if fssfatfe-s fee [s{s [ris 
Complement,2's | NEG [| | [| | | | [eole[2{7o[e6[3{ | | joo-m>m_ [ele [#[t [@[@ 
(Negate) | weca | []} [Tt Tt yt Tt faofetrfoo-asa [ele le {s [ole 
| nego | |] [] it] Tit tf [sol2{ifoo-s-8- fe Je |e [¢ [lo 
Seer a ed 0 
Decrement | vec | TT | | | featel2 [vale {s{ | | [m-1~™ fe {e |#|# [ole 
Pp oeca | TTT TTT tt Tt featayifa-i-a [ele leit lole 
SS a DO CC 
ae aa Mea CCS ELIE 
| ce [2 | [3 [2 |e [4|2ieei4|3| | | [BOMB ele [tt iRie 
Increment po inc | | | TT [eciel2|rcteis] | | [m+i-m fe [e |+[¢ [ole 
| wwe oT oT TT TE TT TT fac f2 ts fasi=a eet] s 1o]s 
ttt ta ett pe : 
Smee Peoad foe fafa toe te falas [ate tesla fa] fT lwrea CIELO 
ccurnulator | oases [2[2|oe[3 [2fec|al2|re{a[s} | [ [mos fo fo [t | 4 [Ro 
resgnoute | toe co|s|sfoc|s [2 ec|s|2 |re[s|s] | | mer-am-a  |ele ++ /R]° 
Muitiply Unsigned | Muc | | {| [ | [Tt [| Tf | [aofiojvfaxes+a:e [ele lelelel@ 
OR, tnctuse | ORAA [@a|2[2leala|z[aala[aleala|s| | [ [Arw>A [ele [t| FR le 
oraB [caj2|2joals|2jealaj2iraia]3] | | [etme tee eerie 
Push Data ee re eee een eee eee Di 
| psop | | | dT UT UT Th TT Tf [37 [3 [1 [e->msp,sp-i>sp_ [ee [ele lee 
Pull Data rue tT a ee ete : 
| pure | tt | | TT | TT Jaa fata le jeje (ele 
RotateLeft | Roc | | | | | | feaiej2|7ojel3| | | |» DOBEOE 
it a a a II OOEBOE 
roe | Tt tT tT tt fe fats] Cae ee Re 
Rotate Right | Ron | | [ | [ | jesjej2ivejeis{ | | [mu r"cananaen” le Je [FF lols 
| Rona | | | CEP Pe estate 2) e-Semre? [eee a 
| rors | tt tT tt tT hse f2}1] DME 
The Condition Code Register notes are listed after Table 10. : (Continued) 
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Table 7 Accumulator & Memory Instructions (Continued) 
















Addressing Modes ge) a 
Spareriens | IMMED, | DIRECT EXTEND dilinannte Onsretin 1s [4 [3/2[1 Jo 
Jor |~| # Jor] ~ |# [or] ~ | lor |~ | +] oP |~ | «| : 
shift Left ase | | LT [68 [6 [2 [78 [6 | Ear DORBOE 
SA tf ft {ft A eC ttre ©) + 
Pasce BOE 

Dee Sa Pee CECT ema eer Boog 
Shift Right eae 77 fe le [t [+ Olt 
rhe ras Pe ar) Got, Getto 
| asra | | HH RRA ECALG le je lt] + ls 
Shift Right are Gee CCC He fe je [+ [+ le 
? 484 eC tH 48 : 
| usre | lt 
Soin ans re TTT TTT ep meg ' 
Store | STAA | 13 |2 |A7/ 4 | aot en = [Rie 
Renamer (grag [Pars aera rt UBL 
ee Pac peeee eee Tisza ert : 

Accumulator B+M+1 

Subtract |_susa__| ao |2|2 | 2 Jao [2 |e paw A MA fe je leit les 
eee He [B-M>B ———sife je itis ies 


Double Subtract 





| susp | aa |4 {3 | Hershel 


Are-MomsiAs [ele le[ [ef 


eas Pee P RR ret bt peree cette 
Subtract | SBCA | 82 [2] | [A- [A-M-C>A | C>A fe fe [tt [t | $ 
sisheucanids Tes fe fates fete ee | {fewest t 
Transfer TAB tt 4 | | [16 {2 |1|a+8 fe je |e {+ [RA Jo 
Accumulator Tw fairies Telefe rin 


Test Zero or 


| | 
iia sre Ot ee 2 [a= 00 Yo ot R 
ee 


The Condition Code Register notes are listed after Table 10. 


Direct Addressing 

In direct addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
ie., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher eight-bits of the 
address of the operand. The third byte of the instruction is used 
as the lower eight-bits of the address for the operand. This is an 
absolute address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register’s lowest 


eight bits in the MCU. The carry is then added to the higher 
order eight bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (ie., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter’s lowest 
eight bits plus two. The carry or borrow is then added to the 
high eight bits. This allows the user to address data within a 
range of -126 to +129 bytes of the present instruction. These 
are two-byte instructions. 
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@ New Instructions 


In addition to the existing 6800 Instruction Set, the following new instructions are 


incorporated in the HD6801V Microcomputer. 


ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 

. the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

LDD Loads the contents of double precision memory location into the double 
accumulator A:B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL  Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B, ACCA contains MSB of result. 

PSHX The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

PULX The index register is pulled from the stack beginning at the current address 
contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 

STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch instru- 


ction. 


*ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu- 
lator is the most significant byte. 


Petite Operations. (Mnemonic SEL pinect | INDEX [EXTND [IMPLIED | Arithmetic Operation 


Table 8 Index Register and Stack Manipulation Instructions 


Addressing Modes 







Condition Code 
Register 


[8 |4|3|2[1 Jo 
PATI 2 [vie 


Compare index Ree | OP ee [effec lstefactelafecfefs| TT pommnn Teeth 


Decrement Index Reg DEX aa mn 
Decrement Stack Pntr DES | 

















- Fe ral 
Increment Index Reg INX | Lee 
et 





Increment Stack Pntr INS 
Load Index Reg LDX CE} 3 
Load Stack Pntr LDS 8E | 3/3 | 2 | 


Store index Reo | stx_— || | jor ja |2 | 

















Stack Pntr > Index Reg; TSX 


Index Reg— Stack Pntr| TXS 
a 


Add 


|_| 
EE 
AE | 
Store Stack Pntr STS | | | jor f4]2 far, 
| 
|| 
pe 


e 
en a 
a eee eect 
ice am EUR IEaE 











The Condition Code Register notes are listed after Table 10. 
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S[t seria 
IM i, | 
|| [M= sPy, (M+1)—> SPL _| 
| | XH M. Xi (M41) | 
| BF | [| [SP M, SPL > (M+1) 
ae p3[i|x-1+se 
| [ [ jsoj3]1jseti>x 
| | | fsays it ie+x-x 
3C XL > Mgp, SP - 1 > SP 
ed le XH— Mgp, SP - 1+ SP 
SP +1—> SP, Myo > XH 
iz a Peete 


Doonan 

BOO n 
[ele] + (QIQ/9/9] ¢] * 

Wie eal oa el 


Operations 


Branch Always 
Branch Never 

Branch If Carry Clear 
Branch if Carry Set 
Branch If = Zero 
Branch If > Zero 
Branch !f > Zero 
Branch If Higher 
Branch If < Zero 


Branch If Lower Or 
Same 


Branch If < Zero 
Branch If Minus 


Branch If Not Equal 
Zero 


Branch if Overflow 
Clear 


Branch If Overflow Set] BVS | 
Branch If Pius 

Branch To Subroutine 
Jump 

Jump To Subroutine 


No Operation 


Return From Interrupt} RTI | 


Return From 
Subroutine 


Software Interrupt 
Wait for Interrupt 


Operations 


Clear Carry 

Clear Interrupt Mask 
‘Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overfiow 
Accumulator A > CCR 
CCR — Accumulator A 
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Table 9 Jump and Branch Instructions 


a Modes i rca 

|ReLative | oIRECT | INDEX |EXTND | IMPLIED Branch (es sj4ia]2{1lo 
eg Sf forte forte efor tafe fore HL tN [zivic 
Rome Fee : 


ses paste cs ee reese iels 
p bea favfaf2f TPT Pt et jeje lelelele 


et | 
ace faciaj2] |) Pett Pi Tp neveo [elelelelele 
BGT see ff eNO 20 ee : 
Cs a ee 
Se ares 2 ie cl) ee Mer. -lelele isles 


ree ECCT peas 


| ect faojaj2] {| | | TTT | 1 REA | 
[emi jzetsj2; TTP Tre Ty SGUoE : 


eT ttt eect 
1 


EE a es ee 
am 9 de Va Oe Oe OEE 








poe tees a tebe [ele le[elele 
JMP 7E | Bote See Special Operations aa e 
eee fee aos | eae fess ° 





a Prog. Cntr. 
Only 


e 
pee stnsiomuoe PEE EP 


eS [ele [els 
Pe ee BOMGME 











Table10 Condition Code Register Manipulation Instructions 


Condition Code Register 

Boolean Operation is/4}/3]2 [1 | 0 

P| ee | pHi ijwizivic 
pels 


fe | 

eae a ee E ta ° 
eres 7. eee Ee ee ee eee 
ea seas YC ° 





Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 


@® (Bit V) Test: Result = 10000000? 

@ (BitC) Test: Result ¥ 00000000? 

@ (Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 
@® (Bit V) Test: Operand = 10000000 prior to execution? 

® (BitV) Test: Operand = 01111111 prior to execution? 

© (Bit V) — Test: Set equal to result to N @ C after shift has occurred. 

@ (BitN) — Test: Result less than zero? (Bit 15 = 1) 

(All) Load Condition Code Register from Stack. (See Special Operations) 

® (Bit t) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 
@ (All) Set according to the contents of Accumulator A. 


@ (Bit C) Set equal to result of Bit 7 (AccB) 
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Instruction Execution Times in Machine Cycle 


Table 11 


; Ex- In- in Ae 
Direct tended dexed plied lative 


imme- 
diate 


ACCX 


im- Re- 
lative 


In- 
tended dexed plied 


Imme- 7 Ex- 
diate Direct 


ACCX 


INX 


ABA 
ABX 


JMP 
JSR 


ADC 


LDA 


ADD 


LDD 
LDS 


ADDD 


AND 
ASL 


LDX 
LSR 


ASLD 
ASR 


LSRD 
MUL 
NEG 
NOP 


10 


BCC 
BCS 


BEQ 


ORA 
PSH 


BGE 


BGT 
BHI 
BIT 
BLE 
BLS 


PSHX e 


PUL 


3 


PULX 
ROL 
ROR 
RTI 


3 


BLT 
BMI 


10 


RTS 
SBA 
sBC 


BNE 
BPL 


BRA 


SEC 
SEI 


BRN 
BSR 


SEV 


BVC 
BVS 


STA 


STD 
STS 


CBA 
CLC 


CLI 


STX 


SUB 


CLR 
CLV 


SUBD 
swl 


12 


CMP 
COM 
CPX 


TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
WAI 


DAA 


DEC 
DES 


DEX 
EOR 
INC 


INS 
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@ Summary of Cycle by Cycle Operation control program is executed. The information is categorized in 
Table 12 provides a detailed description of the information groups according to addressing mode and number of cycles per 

present on the Address Bus, Data Bus, and the Read/Write line instruction. (In general, instructions with the same addressing 

(R/W) during each cycle for each instruction. mode and number of cycles execute in the same manner; ex- 
This information is useful in comparing actual with expected ceptions are indicated in the table). 


results during debug of both software and hardware as the 


Table 12 Cycle by Cycle Operation 


Address Mode & Cycle R/W 


IMMEDIATE 











ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


Op Code Address 
Op Code Address + 1 














Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 













SUBD 




















































DIRECT 

ADC EOR Op Code Address Op Code 

ADD LDA Op Code Address + 1 Address of Operand 

AND ORA Address of Operand Operand Data 

BIT SBC 

CMP SUB 

STA 1 Op Code Address Op Code 
2 Op Code Address + 1 Destination Address 
3 Destination Address Data from Accumulator 

LDS 1 Op Code Address 1 Op Code 

LDX 2 Op Code Address + 1 1 Address of Operand 

LOD 3 Address of Operand 1 Operand Data (High Order Byte) 
4 Operand Address + 1 1 Operand Data (Low Order Byte) 

STS 1 Op Code Address 1 Op Code 

STX 2 Op Code Address + 1 1 Address of Operand 

STD 3 Address of Operand 0 Register Data (High Order Byte) 
4 Address of Operand + 1 0 Register Data (Low Order Byte) 

CPX 1 Op Code Address 1 Op Code 

SUBD 2 Op Code Address + 1 1 Address of Operand 

ADDD 3 Operand Address 1 Operand Data (High Order Byte) 
4 Operand Address + 1 1 Operand Data (Low Order Byte) 
5 Address Bus FFFF 1 Low Byte of Restart Vector 

JSR 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Subroutine Address 1 First Subroutine Op Code 
4 Stack Pointer 0 Return Address (Low Order Byte) 
5 Stack Pointer + 1 0 Return Address (High Order Byte) 











(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle R/W 
Instructions Address Bus iine Data Bus 
























































INDEXED 
JMP 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FF FF 1 Low Byte of Restart Vector 
ADC EOR 4 aa 1 Op Code Address 1 Op Code 
ADD LDA 2 Op Code Address + 1 1 Offset 
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector 
BIT SBC 4 Index Register Plus Offset 1 Operand Data 
CMP SUB 
STA alc 4 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Index Register Plus Offset 0 Operand Data 
LDS 5 1 Op Code Address 1 Op Code 
LOX 2 Op Code Address + 1 1 Offset 
LOD 3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Index Register Plus Offset 1 Operand Data (High Order Byte) 
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte) 
STS 5 1 Op Code Address 1 Op Code’ 
STX 2 Op Code Address + 1 1 Offset 
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Index Register Plus Offset 0 Operand Data (High Order Byte) 
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte) 
ASL LSR 6 1 Op Code Address 1 Op Code 
ASR NEG 2 Op Code Address + 1 1 Offset 
CLR ROL 3 Address Bus FF FF 1 Low Byte of Restart Vector 
COM ROR 4 Index Register Plus Offset 1 Current Operand Data 
DEC TST” 5 Address Bus FFFF 1 Low Byte of Restart Vector 
INC 6 Index Register Plus Offset 0 New Operand Data 
CPX 6 1 Op Code Address 1 Op Code 
SUBD 2 Op Code Address + 1 1 Offset 
ADDD 3 Address Bus FF FF 1 Low Byte of Restart Vector 
4 Index Register + Offset 1 Operand Data (High Order Byte) 
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte) 
6 Address Bus FF FF 1° Low Byte of Restart Vector 
JSR 6 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Index Register + Offset 1 First Subroutine Op Code 
5 Stack Pointer 0 Return Address (Low Order Byte) 
6 Stack Pointer - 1 0 Return Address (High Order Byte) 
* In the TST instruction, R/W line of the sixth cycle is “1” level, and AB=FFFF, DB=Low Byte of Reset Vector. (Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 














































Address Mode cle R 
EXTENDED 
JMP Op Code Address 
Op Code Address + 1 
Op Code Address + 2 

ADC EOR Op Code Address 
ADD LDA Op Code Address + 1 
AND ORA Op Code Address + 2 
BIT SBC Address of Operand 
CMP SUB 
STA 1 Op Code Address 

2 Op Code Address + 1 

3 Op Code Address + 2 

4 Operand Destination Address 
LDS 1 Op Code Address 
LOX 2 Op Code Address + 1 
LDD 3 Op Code Address + 2 

4 Address of Operand 

5 Address of Operand + 1 
STS 5 1 Op Code Address 
STX 2 Op Code Address + 1 
STD 3 Op Code Address + 2 

4 Address of Operand 

5 Address of Operand + 1 
ASL LSR 6 1 Op Code Address 
ASR NEG 2 Op Code Address + 1 
CLR ROL 3 Op Code Address + 2 
COM ROR 4 Address of Operand 
DEC TST* 5 Address Bus FFFF 
INC 6 Address of Operand 
CPX 6 1 Op Code Address 
SUBD 2 Op Code Address + 1 
ADDD 3 Op Code Address + 2 

4 Operand Address 

5 Operand Address + 1 

6 Address Bus FFFF 
JSR 1 Op Code Address 

2 Op Code Address + 1 

3 Op Code Address + 2 

4 Subroutine Starting Address 

5 Stack Pointer 

6 Stack Pointer - 1 


* tn the TST instruction, R/W line of the sixth cycle is ‘’1’’ level, and AB = FFFF, DB = Low Byte of Reset Vector. 
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Data Bus 


Op Code 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 


Op Code 
Destination Address (High Order Byte) 


! Destination Address (Low Order Byte) 


Data from Accumulator 


Op Code 

Address of Operand (High Order Byte} 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 


Op Code 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte} 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 

















ase =] am 
IMPLIED 
ABA DAA SEC 2 1 Op Code Address 1 Op Code 
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA _| 
a he r 
ABX 3 1 Op Code Address Op Code 
2 Op Code Address + 1 Irrelevant Data 
ij a 3 __| Address Bus FFFF lie Low Byte of Restart Vector 
ASLD 3 1 Op Code Address Op Code 
LSROD | 2 Op Code Address + 1 Irrelevant Data 
3 Address Bus FF FF Low Byte of Restart Vector 
— ——T 
DES 3 1 Op Code Address | Op Code 
INS 2 Op Code Address + 1 Op Code of Next Instruction 
3 _| Previous Register Contents _| Irrelevant Data 
INX 3 7“ 1 Op Code Address Op Code 
DEX 2 Op Code Address + 1 Op Code of Next Instruction 
3 Address Bus FFFF Low Byte of Restart Vector 
PSHA 3 1 Op Code Address Op Code 


PSHB Op Code Address + 1 
Stack Pointer 
TSX 3 Op Code Address 








~m |W NM 










Op Code Address + 1 


Op Code Address + 1 
Address Bus FF FF 





Op Code of Next Instruction 
Accumulator Data 
Op Code 

Op Code of Next Instruction 


Stack Pointer Irrelevant Data 
Op Code Address Op Code 


Op Code of Next Instruction 
Low Byte of Restart Vector 








Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


| 


ti Op Code 


Op Code of Next Instruction 
irrelevant Data 





Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer - 1 


aie Code 


Irrelevant Data 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 








PWN HOR WDH HW /ARWHNH HPWH H1WD AH |WNH 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer +2 

Op Code Address 
Op Code Address + 1 
Stack Pointer 

| Stack Pointer + 1 



















2 Se eas oe ms = 1 OO PM Bf ee eS ss ef em eS fe eS 0 oe Sl ee es fe es es fe eS fm Oo 


| Op Code 


Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 








Op Code 

Irrelevant Data 

Irrelevant Data 

Address of Next Instruction 
(High Order Byte) 


5 Stack Pointer + 2 1 Address of Next Instruction 
(Low Order Byte) 
WwAI** 9 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Stack Pointer 0 Return Address (Low Order Byte) 
4 0 














Stack Pointer — 1 Return Address 
High Order Byte} 
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(Continued) 


Address Mode & 
Instructions 


Cycles 


Table 12 Cycle by Cycle Operation (Continued) 


Cycle 
# 


Address Bus 


R/W 
Line 


HD6801V0,HD6801V5 


Data Bus 


WAI** Stack Pointer — 2 0 Index Register (Low Order Byte} 


oO 

















6 Stack Pointer — 3 0 Index Register (High Order Byte) 
7 Stack Pointer — 4 0 Contents of Accumulator A 
8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 
MUL 10 1 Op Code Address 1 | Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Address Bus FF FF 1 Low Byte of Restart Vector 
5 Address Bus FFFF 1 Low Byte of Restart Vector 
6 Address Bus FF FF 1 Low Byte of Restart Vector 
7 Address Bus FFFF 1 Low Byte of Restart Vector 
8 Address Bus FFFF 1 Low Byte of Restart Vector 
9 Address Bus FFFF 1 Low Byte of Restart Vector 
10 Address Bus FF FF 1 Low Byte of Restart Vector 
RTI 10 1 Op Code Address 1 | Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer + 1 1 Contents of Cond. Code Reg. 
from Stack 
5 Stack Pointer + 2 1 Contents of Accumulator B 
from Stack 
6 Stack Pointer + 3 1 Contents of Accumulator A 
from Stack 
7 Stack Pointer + 4 1 Index Register from Stack 
(High Order Byte) 
8 Stack Pointer + 5 1 Index Register from Stack 
(Low Order Byte) 
9 Stack Pointer + 6 1 Next Instruction Address from 
Stack (High Order Byte) 
10 Stack Pointer + 7 1 Next Instruction Address from 
Stack (Low Order Byte) 
SWI 12 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Return Address (Low Order Byte) 
4 Stack Pointer — 1 0 Return Address 
(High Order Byte) 
5 Stack Pointer — 2 0 Index ‘Register (Low Order Byte) 
6 Stack Pointer — 3 0 Index Register (High Order Byte) 
7 Stack Pointer — 4 0 Contents of Accumulator A 
8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 
10 Stack Pointer — 7 1 Irrelevant Data 
11 Vector Address FFFA (Hex) 1 Address of Subroutine 
(High Order Byte) 
12 Vector Address FFFB (Hex) 1 Address of Subroutine 

















(Low Order Byte) 


**While the MPU is in the ‘‘Wait”’ state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI instr- 


uction. 
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HD6801V0,HD6801V5 ——_——__——__—__ 


Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle R/W 


RELATIVE 





















BCC BHT BNE Op Code Address Op Code 

BCS BLE BPL 2 Op Code Address + 1 Branch Offset 

BEQ BLS BRA Address Bus FFFF Low Byte of Restart Vector 
BGE BLT BVC 

BGT BMT BVS 


BRN 
BSR 











Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 


Op Code 
Branch Offset 
Low Byte of Restart Vector 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 





© Summary of Undefined Instruction Operations When the op codes (4E, SE) are used to execute, the MPU 
The HD6801V has 36 undefined instructions. When these are continues to increase the program counter and it will not stop 


carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the 
change at random. LSI. 


Table 13 Op codes Map 


HD6801V MICROCOMPUTER INSTRUCTIONS 

























ACCA or SP 
cove [48°] R66] no | ext nm ExT | 1mm | DIR | IND | EXT] 
to it [enn _{ ont fora foots _or00 foro [orso} orsx{ tooo] voor soro| rosa 11o0[ 10s [oavol st 
ee ie wee eer ® far a ee [eee er 
[ooo [0 | "| sea era] vex | eG SCCCSC“*é‘“*tsSSCSC*C“‘“;S™S*dO 
jooo1 | tf Nop {cea tern | ins | 
ed ee = ra 
poo | 3 | Tats [Puce (+1) [sj susp (+2) | + | ADDD (+2) | 3 | 
foro | 4 | isro(+n| | ce | bes eeMateeg ay MERI 
fori | 5 | Asio i+1)| “| cs ic ened BIT 5 | 
foro {| 6] Tap | Tap {ene | PsHa | ROR LDA 6 
pour [7 {| rea | realeea| psHe | Ask sta ET sta 77 
[1000 | 8 | inxten) | “Tove [pux(al ast OR 
}1o01 | 9 | exist) | Daal evs [ats] ROL | 
pio [At civ | Tem | vax [ec RT 
pio [| ef sev | apa] em | arite7) | 
roo [ef ce “Jace Josux ei] inci xe «d coe 
voto] [ur [ate er 1 Peal ston | 
famo fe] cu [Jeet | + i woxtes [| 
He} _se._1_—“ [at | Swi ee aoe eee | _stst+1) Er AC Tm 
Bytevcycte| —s1/2__— |: 1/2 *| 2/3 | 1/3 «| 1/2 | 1/2 | 26] 3/6 | 2/2 | 2/3 | 2/4 | 3/4 | 2/2 | 


[NOTES] 1) Undefined Op codes are marked with 3 
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


3) The instructions shown below are all 3 bytes and are marked with “*". 
(rope oo mode of SUBD, CPX, LDS, ADDD, LDD and LDXx instructions, and undefined op codes 
F, CD, CF 


4) The Op codes (4E, 5E) are 1 byte/ cycles instructions, and are marked with “**"’, 
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Vac 










ITMP > t 


Next 
Instr 








: ; 
5 Vector ~ PC 
I RESET|FFFE: FFFF 
Lo 
N 
EXECUTE 
: 
N 
> : 
ITMP > 1 
N 
o 
Nn 





Stack Machine State 
PC, X, A, B, CC 


<a> N WAI 





— Y 








t— #TMP 
1>1 


Condition Code Register 








P| FFro FFD 


Figure 24 Interrupt Flowchart 









*SCI = TIE-TDRE + RIE-(RDRF + ORFE) 


Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TORE + RDRF + ORFE) 


GALO89GH 'OALO89GH 


HD6801V0,HD6801V5 ———___ —_ — 


Enable 












' 
Voc Standby Port 3 Voc Standby 


8 Transfer 
Lines 


RES RES 


Port 1 HO6801V 
81/0 
Lines 


Port 4 
8 1/0 Lines 


Port 4 


ashy ene: Se 8 1/0 Lines 


8 1/0 Lines 5 1/0 Lines 5 1/0 Lines 
Sct sci 
16 Bit Timer 16 Bit Timer 
Vss Vss 





Figure 25 HD6801V MCU Single-Chip Dual Processor Configuration 


HD6801V Enable 
= MCU 
Address 
8 Strobe 8 
16 8 















Enable 





Lee 
Lee 






Random 
Access 
Memory 


Peripheral 
Interface 
Adapter 






eneral 


LJ] Purpose 
Interface 
Adapter 
Address Data 
Bus Bus 


Figure 26 HD6801V MCU Expanded Non-Multiplexed Mode 


Address Bus Data Bus 
Figure 27 HD6801V MCU Expanded Multiplexed Mode 
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HD6803, HD6803-1— 
MCU (Microcomputer Unit) 


The HD6803 MCU is an 8-bit microcomputer system which 
is compatible with the HMCS6800 family of parts. The HD6803 
MCU is object code compatible with the HD6800 with im- 
proved execution times of key instructions plus several new 
16-bit and 8-bit instructions including an 8 x 8 unsigned multip- 
ly with 16-bit result. The HD6803 MCU can be expanded to 
65k words. The HD6803 MCU is TTL compatible and requires 
one +5.0 volt power supply. The HD6803 MCU has 128 bytes of 
RAM, Serial Communications interface (S.C.I.), and parallel I/O 
as well as a three function 16-bit timer. Features and Block dia- 
gram of the HD6803 include the following: 


FEATURES 

Expanded HMCS6800 Instruction Set 

8 x 8 Multiply 

On-Chip Serial Communications Interface (S.C.1.) 
Object Code Compatible With The HD6800 MPU 
16-Bit Timer 

Expandable to 65k Words 

Multiplexed Address and Data 

128 Bytes Of RAM (64 Bytes Retainable On Power 
Down) 

13 Parallel |/O Lines 

Internal Clock/Divided-By-Four 

TTL Compatible Inputs And Outputs 

Interrupt Capability 

Compatible with MC6803 and MC6803.-1 


# BLOCK DIAGRAM 


Address/ 
Data 
Buffers 


Address 
Buffers 


Voc Standby 









HD6803C 





(DC-40) 
HD6803P 
HD6803P-1 











VssG] O 

xTac(Z] 

EXTALL3J 
nmi (4) Dy/A, 
RO, SJ D,/A, 
RES (6) D/A, 
Vec D3/Ay 


2 HD6803 Dé/As 


Standby 





(Top View) 


@ TYPE OF PRODUCTS 
Bus Timing 









HD6803 
HD6803-1 





1.25MHz 
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= ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 


* With respect to Vgg (SYSTEM GND) 
[NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. if these conditions are exceeded, it could affect reliability of LSI. 
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® ELECTRICAL CHARACTERISTICS 


Unit 
~0.3 ~ +7.0 Vv 
-0.3 ~ +7.0 Vv 


ie 





C 
- 55 ~ +150 °c 


@ DC CHARACTERISTICS (Vcc =5.0V+5%, Vss = OV, Ta = O~+70°C, unless otherwise noted.) 


Item 
Input ‘High’ Voltage 


All Inputs* 
EXTAL 


Input ‘‘Low’’ Voltage 
Input Load Current 
Input Leakage Current 
Three State (Offset) Pio 
Leakage Current 


ne) 


2 
uv 
= 


20 ~ Pog 


Do/Ao ~ D, /Aq 
Output “High” Voltage | Ag ~ Ays, E, R/W, AS 
Other Outputs 


Output ‘‘Low” Voltage | All Outputs 
Darlington Drive Current] Pio ~ P47 
Power Dissipation 


Input Capacitance 


Powerdown 


Ve stendby Operating 


Standby Current Powerdown 


*Except Mode Programming Levels. 


Other Inputs* 


NMI, IRQ,, RES 


typ Unit 


Symbo 


vm fo 
Vv 


2) 


c 


< 


< 


| Wink [Vin =0~Veco 
| inl | Vig = 0 ~ 5.25V 


3 
> 





| 


ES 
> 


= 
> 


i} 
IL 
lLoap = -205 vA 
Von | lLoan = -145 HA 
lLoap = -100 LA 
lLoap = 1.6mA 
nm 


< 


Vv 
low | Vour = 1.5V 
- Vin = OV, Ta = 25°C, 

: f = 1.0 MHz 


2 ae 
(iaaaeeeaear: 


3/3 
=|> 


no} 
mn 


< 


VsB 


4.75 


9) 
re) 
< 


3 
> 
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@ AC CHARACTERISTICS 
BUS TIMING (Vcc =5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Item Symbol cdi ness Bdedcatadel Unit 
: tion | typ | max| min] typ] 
Cycle Time | - | 10] oa] - | bs 
Address Strobe Pulse Width “High” | PWasn | | — | — | 150] — | ns 
Address Strobe Rise Time f-— | 50] 5] — | ns 
Address Strobe Fall Time | - | sof 5] — | ns 
Address Strobe Delay Time | — | | 30] | ns 
p= [sof 


Enable Rise Time 
Enable Fall Time 
Enable Pulse Width ‘‘High” Time 


ot 
mpm 
+n fT 


alo 
aia 


> 
a 


Enable Pulse Width ‘Low’ Time PWeL | — | — | 360] - | - | ns 
Address Strobe to Enable Delay Time tasepD Fig. 1 | 30] ns 
Address Delay Time ns 
Address Delay Time for Latch tao. 

Data Set-up Write Time tosw ns 
Data Set-up Read Time tosr ns 


Read 
Sere 


Address Set-up Time for Latch tas. 
Address Hold Time for Latch taHL 
Address Hold Time 
Peripheral Read Access Time (Multiplexed Bus) | (taccm) 

Oscillator stabilization Time trc Fig. 7 
Processor Control Set-up Time tecs 


ns 


ns 
ns 
ns 
ns 
ms 
ns 


> 


o et 
> 
= io] 
N 
NO] =|] @)]% 
N 
~s 
=-|~N 


PERIPHERAL PORT TIMING (Vcc =5.0V + 5%, Vsg = OV, Ta= 0 ~ +70°C, unless otherwise noted.) 


[Symbor_| Text Condition [min | we _] 
cS =" LT 
(en 0 






















Peripheral Data Setup Time 
Peripheral Data Hold Time 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


* Except P,, 
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HD 


110 


6803806803. —— a SE SSS SS 


TIMER, SCI TIMING (Vcc = 5.0V +5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Timer Taput Pulse Width a : 


Delay Time, Enable Positive Transition to ‘ 
Timer Out TOO 


SCI Input Clock Pulse Width tere} tscyc 


MODE PROGRAMMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Mode Programming Input “‘Low’’ Voltage hee | Vv 
Mode Programming Input “’High’’ Voltage Veew a eee Vv 
RES “Low” Pulse Width Fig 8 [| 30 | - | teye 
Mode Programming Set-up Time tups ee ee teye 

“Mode Programming RES Rise Time > 1us oe ae he 
Hold Time ZC ae ee 


teye 


Address Strobe 
(AS) 


2.4V 
Enable 
(E) 
vs i” 
ter 
[jt AD 


ae a 


| TAHL 





Pe COS YY 


MPU Write 22V 
Do/ Ao ~D7/Az 4 aeuin) Data Valid aa 
(Port 3) O. 6V 


~————- tad -——tosr” 7 
2.0V 
MPU Read 
Ad , 
Du /Avo ~D7/Az ‘ accres f (| Data Valid ) 
(Port 3) 0.6V 0.8V 


--—--—— (tacem) 


Figure 1 Expanded Multiplexed Bus Timing 
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[ MPU Write 


Enable (E) 





Enable (E) 
0.5V 
* 
Pio ~?P,, All Data 
Pao P.. Port Outputs 
*Not applicable to P,, 
Figure 2 Data Set-up and Hold Times Figure 3 Port Data Delay Timing 


(MPU Read) (MPU Write) 


Enable (E) 


Timer Output Compare 
Counter Matched 
Mode inputs 
+'TOOe (Pig. Pay. Poa) 


Pay 2.2V 
Output 0.6V 








Figure 5 Mode Programming Timing 


Figure 4 Timer Output Timing 


Vec 
RL =2.2k2 
Test Point 
1$2074 (H) 
or Equiv 
Cc R 
C = 90 pF for Dy /Ay ~D7/Az, An ~Ais, E. AS, R/W 
= 30 pF tor P,, ~P,,,P,,~P,, 
R=1 


2 k& for Du/Ay ~Dz/Az. Av ~Ais. E. AS. R/W 
akan for Pio ~P, >, Pin =P ‘ = a‘ a 


TTL Load 


24 


Figure 6 Bus Timing Test Load 
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Cycle 
Last Instruction #1 


Enable (€) 


#10 #11 #12 














ales ee 





se ea | oe hha ed 





I-Bit Set 


Internal 
er Gn) Zin) > Ce 2 SD ee Ge ee Gi? Gas as ae aa aa 


Op Code OpCode SPin) SP(n-1)  SP(n-2) = SP(n-3) SP(n-4)  SPin-5) SP{n-6) SPin-7) Vector Vector New PC 
Addr Addr +1 . MSB Addr LSB Addr Address. 





7RQ, 
—| tees 
NMi or 7RQ, * 
— | tees 
Internal 
Data Bus Op Code Op Code PCO~PC7 PC8~PC15 x0~x7 X8~X15 ACCA — AccB CCR rrelevant Vector Vector First inst. of 
Data MSB LSB interrupt Routine 
Internal R/AW 
* ‘ j . 
TRO, ; internal interrupt Figure 7 Interrupt Sequence 


AU 
Ge —— Res 
Address Bus Free /JFFFE FFE FFE FFFF New PC FFFE FFFE 


SI ANNAXNANANANNNNAANAGRAUANAANNANANNNNNQUUANAANOY Yc, 
Data Bus 
PC8~PC15 PCO~PC7 = First 


Instruction 


AAA] Not Valid 
Figure 8 Reset Timing 
® SIGNAL DESCRIPTIONS Nominal Crystal Parameter 






@ Vcc and Vss 
These two pins are used to supply power and ground to the JpF max. | 4.7pF max. 

chip. The voltage supplied will be +5 volts +5%, R 

© XTAL and EXTAL s 602 max. | 302 typ. 
These connections are for a parallel resonant fundamental 

crystal, AT cut. Devided by 4 circuitry is included with the 

internal clock, so a 4 MHz crystal may be used to run the 

system at 1 MHz. The devide by 4 circuitry allows for use of the al Cri = Cio = 22pF + 20% 

inexpensive 3.58 MHz Color TV crystal for non-time critical (3.2 ~ 5 MHz) 

applications. Two 22pF capacitors are needed from the two [NOTE] AT cut parallel 

crystal pins to ground to insure reliable operation. EXTAL may EXTAL resonance parameters 

be driven by an external TTL compatible source with a 50% 

(+10%) duty cycle. It will devided by 4 any frequency less than 

or equal to 5 MHz. XTAL must be grounded if an external | le 

clock is used. The following are the recomimended crystal 

paramere ts: Figure 9 Crystal Interface 








XTAL 
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® Vcc Standby 
This pin will supply +5 volts +5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that Vcc Standby does not go below 
Vsppy during power down. 
To retain information in the RAM during power down the 
following procedure is necessary: 
1) Write “O” into the RAM enable bit, RAM E. RAM E is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 
2) Keep Vcc Standby greater than Vspp. 


Vec Standby Power Line 


I 


Figure 10 Battery Backup for Voc Standby 


© Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must_be held 
“Low” for at least 100 ms. During operation, RES, when 
brought “Low”, must be held “Low” at least 3 clock cycles. 

When a “High” level is detected, the MPU does the follow- 
ing: 
1) All the higher order address lines will be forced “High”’. 

2) I/O Port 2 bits, 2, 1, and 0 are latched into programmed 

control bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set, must be cleared before the 
MPU can recognize maskable interrupts. 

@ Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide by 4 result of the 
crystal frequency. It will drive one TTL load and 90 pF. 


@ Non-Maskable interrupt (NMI) 

A low-going edge on this input requests that a non-maskable- 
interrypt sequence be generated within the processor. As with 
interrupt Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effecton NMI. ___ 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca- 
tions causes the MPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kQ external resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ, and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 
E following the completion of an instruction. 
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© Interrupt Request (IRQ; ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until it 
completes the current instruction that it being executed before 
it recognizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the-machine will begin 
an interrupt sequence. The Index Register, Program Counter, 
Accumulators, and Condition Code Register are stored on the 
stack. Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit “High” so that no further mask- 
able interrupts may occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a vectoring address which is 
located in memory locations $FFF8 and $FFF9. An address 
loaded at these locations causes the MPU to branch to an inter- 
rupt routine in memory. 

The IRQ, requires a 3.3 kQ external resister to Vcc which 
should be used for wire-OR and optimum control of interrupts. 
Internal Interrupts will use an internal interrupt line (IRQ;). 
This interrupt will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. IRQ, will 
have priority over IRQ, if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 


Table 1 Interrupt Vector Location 
Vector Interrupt 
msB | LSB 
Highest FFFE RES 
Priority FFFC | FFFO | NMI 
FFFA Software Interrupt (SW!) 
rere | erro | 7A, 
FFF6 ICF (Input Capture) 
FFF4 | FFFS | OCF (Output Compare) 
FFF2 | FFF3 | TOF (Timer Overflow) 
ici FFFO SCI (RDRF + ORFE + TDRE) 


@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or a 
Write (“Low”) state. The normal standby state of this signal is 
Read (“‘High’’). This output is capable of driving one TTL load 
and 90 pF. 


© Address Strobe (AS) 

In the expanded multiplexed mode of operation address 
strobe is output on this pin. This signal is used to latch the 8 
LSB’s of address which are multiplexed with data on Port 3. An 
8-bit latch is utilized in conjunction with Address Strobe, as 
shown in figure 11. Expanded Multiplexed Mode. Address 
Strobe signals the latch when it is time to latch the address lines 
so the lines can become data bus lines during the E pulse. The 
timing for this singal is shown in Figure 1 of Bus Timing. This 
signal is also used to disable the address from the multiplexed 
bus allowing a deselect time, tasp before the data is enabled to 
the bus. 


= PORTS 
There are two I/O ports on the HD6803 MCU; one 8-bit 
port and one 5-bit port. Each port has an associated write 
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only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A “1” in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A “0” in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port 1, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


* The only exception is bit 1 of Port 2, which can either be data 
input or Timer output. 


Table 2 Port and Data Direction Register Addresses 


$0002 
$0003 
@ 1/O Port 1 


This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic **1”’ and less than 0.8 V for a logic “0’’. As outputs, 
these lines are TTL compatible and may also be used as a source 
of upto 1 mA at 1.5 V to directly drive a Darlington base. After 
Reset, the I/O lines are configured as inputs. 











Data Direction 
Register Address 


$0000 





1/0 Port 1 
1/0 Port 2 





@ 1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 





GND 
AS 
ae 
an 
Gan 
Data/Address aaa 
rit yt tl 
| | 


aie oe 
7 a A 





state when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic **1” and less than 0.8 V for a logic “0”. As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After Reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pin 8, 9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5,6 and 7) of Port 2 which are read only. 

Port 2 can be configured as I/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 


Table 3 The Values of three pins 


Pin Number 





[NOTES] L; Logical “0” 


H; Logical ‘1’ 


© Data/Address (Lower Order Address Bus Latches) 

Since the data bus is multiplexed with the lower order 
address bus in Data/Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 11 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground, 


@ INTERRUPT FLOWCHART 
The Interrupt flowchart is depicted in Figure 16 and is com- 
mon to every interrupt excluding reset. 


Address: A, ~A, Function Table 









Output Enable Output 
Control G D Q 

H 

L 


: 
L 
H 


Data: D0,~D, 


Figure 11 Latch Connection 
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@ MEMORY MAP 

The MCU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MCU’s internal register area, as shown in Table 
4 with exceptions as indicated. 





Table 4 Internal Register Area 
Register Address 
Port 1 Data Direction Register ** 00 
Port 2 Data Direction Register ** 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Not Used 04* 
Not Used os* 
Not Used 06* 
Not Used 07* 
Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) 0A 
Output Compare Register (High Byte) 0B 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) oD 
Input Capture Register (Low Byte) OE 
Not Used OF* 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Reserved 15-1F 


* €xternal Address 
** 1; Output, 0; {Input 


Multiplexed/RAM 


PRS LEE aE 


$0000 : 
Internal Registers 


$001F 
External Memory Space 


$0080 F 
Internal RAM 


External Memory Space 


External Interrupt Vectors 





{NOTE] 
Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 


Figure 12 HD6803 Memory Map 
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= PROGRAMMABLE TIMER 

The HD6803 contains an on-chip 16-bit programmable timer 
which may be used to perform measurements on an input 
waveform while independently generating an output waveform. 
Pulse widths for both input and output signals may vary from a 
few microseconds to many seconds. The timer hardware consists 
of 
* an 8-bit control and status register, 

* a 16-bit free running counter, 

* a 16-bit output compare register, and 

* a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 13. 
© Free Running Counter ($0009:000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the MPU software at 
any time. The counter is cleared to zero on RES and may be 
considered a read-only register with one exception. Any MPU 
write to the counter’s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

@ Output Compare Register ($000B:000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a “1” (Output), 
the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
$FFFF during RES. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 
®@ {Input Capture Register ($000D:000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 


* With Port 2 Bit 0 configured as an output and set to “1”, the 
external input will still be seen by the edge detect unit. 
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HD6803 Internal Bus 


+ bo 
ContoificeJocr ror FieFoofropeodawl 
H—+—J | 


Output Compare Pulse 





Output 


Register 











Level 







Output Input 
Level! Edge 
Bit1 BitO 

Port 2 Port 2 


Figure 13 Block Diagram of Programmable Timer 


Timer Control and Status Register 


7 6 5 4 3 2 1 ie) 
Eic! | EOcI | ETOI}] 1EDG] OLVL] $0008 


©@ Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate that: 

*a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register. 

*a match has been found between the value in the free 
running counter and the output compare register, and 
when $0000 is in the free running counter. 

Each of the flags may be enabled onto the HD6803 internal 
bus (IRQ, ) with an individual Enable bit in the TCSR. If the 
I-bit in the HD6803 Condition Code register has been cleared, a 
priority vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 

Bit 0 OLVL Output Level — This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set, the value will 
appear on the output pin. 

Input Edge — This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
O must be clear for this function to operate. IEDG 
= 0 Transfer takes place on a negative edge 
(“High”-to-“Low” transition). 

IEDG = 1 Transfer takes place on a positive edge 





Bit 1 1EDG 
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Bit 2 ETOI 


Bit 3 EOCI 


Bit 4 EICI 


Bit 5 TOF 


Bit 6 OCF 


Bit 7 ICF 
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(“Low”-to-“High” transition). 

Enable Timer Overflow Interrupt — When set, this 
bit enables IRQ, to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Enable Output Compare Interrupt — When set, 
this bit enables IRQ, to appear on the internal ‘bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Enable input Capture Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Timer Overflow Flag — This read-only bit is set 
when the counter contains $0000. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
MPU read of the Counter ($09). 

Output Compare Flag — This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an MPU write to the output compare 
register ($OB or $0C). 

Input Capture Flag — This read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an MPU read of the Input Capture Register ($0D). 











@® SERIAL COMMUNICATIONS INTERFACE 

The HD6803 contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
MPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 


@ Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
“wakes-up”’”) for the next message. The “wake-up” is auto- 
matically triggered by a string of ten consecutive 1’s which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 


@ Programmable Options 
The following features of the HD6803 serial I/O section are 
programmable: 
+ format — standard mark/space (NRZ) 
* Clock — external or internal 
*baud rate — one of 4 per given MPU ¢, clock frequency or 
external clock x8 input 

* wake-up feature — enabled or disabled 

*Interrupt requests — enabled or masked individually for 
transmitter and receiver data registers 

*clock output — internal clock enabled or disabled to Port 

2 (Bit 2) 
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial 
1/O individually for transmitter and receiver. 
® Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 14. The registers include: 

» an 8-bit control and status register 

*a4-bit rate and mode control register (write only) 

* an 8-bit read only receive data register and 

* an 8-bit write only transmit data register. 

In addition to the four registers, the serial 1/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 


Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits O~4 may be written. The 
register is initialized to $20 on RES. The bits in the TRCS 
register are defined as follows: 
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Bit 7 Rate and Mode Control Register BitO 


CCC 


Transmit/Receive Control and Status Register 


roared ee [ve] 


Receive Data Register 













Port 2 (Not Addressable) 


Receive Shift Register 


Bit Rate 
Generator 
(Not Addressable) 


Transmit Shift Register 













Transmit Data Register 


Figure 14 Serial 1/O Registers 


BitOWU “Wake-up” on Next Message — set by HID6803 
software and cleared by hardware on receipt of 
ten consecutive 1’s or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
MPU set of WU flag. 

Transmit Enable — set by HD6803 to produce 
preamble of nine consecutive 1’s and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Receiver Enable — when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 


Bit 1 TE 


Bit 2 TIE 





Bit 3 RE 


Bit 4 RIE 


Transmit/Receive Control and Status Register 
7 6 5 4 3 2 1 ie) 
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Bit 5 TDRE Transmit Data Register Empty — set by hardware writing a new byte into the transmit data register, 
when a transfer is made from the transmit data TDRE is initialized to 1 by RES. 
register to the output shift register. The TDRE bit Bit 6 ORFE Over-Run-Framing Error — set by hardware when 
is cleared by reading the status register, then an overrun or framing error occurs (receive only). 
Rate and Mode Control Register 
7 6 5 4 3 2 1 0 
TTT * [foo Ta Po 
ADDR : $0010 
An overrun is defined as a new byte received with * format 
last byte still in Dat Register/Buffer. A framing * clocking source, and 
error has occured when the byte boundaries in bit * Port 2 bit 2 configuration 
stream are not synchronized to bit counter. If The register consists of 4 bits all of which are write-only and 


WU-flag is set, the ORFE bit will not be set. The cleared on RES. The 4 bits in the register may be considered as 

ORFE bit is cleard by reading the status register, a pair of 2-bit fields. The two low order bits control the bit rate 

then reading the Receive Data Register, or by for internal clocking and the remaining twa bits control the 

RES. format and clock select logic. The register definition is as 
Bit 7 RORF Receiver Data Register Full-set by hardware when follows: 

a transfer from the input shift register to the Bit 0 SSO Speed Select — These bits select the Baud rate for 

receiver data register is made. If WU-flag is set, the Bit 1 SS1_ the internal clock. The four rates which may be 


RDRF bit will not be set. The RDRF bit is cleared selected are a function of the MPU @, clock 
by reading the status register, then reading the frequency. Table 5 lists the available Baud rates. 
Receive Data Register, or by RES. Bit 2 CCQ Clock Control and Format Select — this 2-bit field 
Bit 3 CC1 controls the format and clock select logic. Table 6 
Rate and Mode Control Register defines the bit field. 


The Rate and Mode Control register controls the following 
serial I/O variables: 
* Baud rate 


Table 5 SCI Bit Times and Rates 


2.4576 MHz 4.0 MHz 
614.4 kHz 1.0 MHz 


26 jis/38,400 Baud 16 ps/62,500 Baud 
208 us/4,800 Baud 128 us/7812.5 Baud 
1.67 ms/600 Baud 1.024 ms/976.6 Baud 
6.67 ms/150 Baud 4.096 ms/244.1 Baud 














4.9152 MHz* 
1.2288 MHz 


13.0 us/76,800 Baud 
104.2 us/9,600 Baud 
833.3 us/1,200 Baud 
3.33 ms/300 Baud 


XTAL 













- = © oO 
- o- 





* HD6803-1 Only 


Table 6 SCi Format and Clock Source Control 







Port 2 Bit 4 







Internal Not Used 
Internal Output* 


ee 


External Input 


* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = 1" in TRCS; bit 4 is used for serial output if TE = 1" in TRCS. 


Internally Generated Clock Externally Generated Clock 
If the user wishes for the serial I/O to furnish a clock, the If the user wishes to provide an external clock for the serial 
following requirements are applicable: I/O, the following requirements are applicable: 
* the values of RE and TE are immaterial. * the CC1, CCO, field in the Rate and Mode Control Register 
*CC1, CCO must be set to 10 must be set to 11, 
* the maximum clock rate will be E+ 16. * the external clock must be set to 8 times (x8) the desired 
*the clock will be at 1x the bit rate and will have a rising baud rate and 
edge at mid-bit. * the maximum external clock frequency is 1.0 MHz. 
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@ Serial Operations 
The serial I/O hardware should be initialized by the HD6803 
software prior to operation. This sequence will normally consist 
of; 
* writing the desired operation control bits to the Rate and 
Mode Control Register and 
* writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 
The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of 1’s. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the transfer itself, the O start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data is supplied to the data 
register. No 0’s will be sent while TDRE remains a 1. 


Receive Operation 

The receive operation is enabled by the RE bit which gates in 
the serial input through Port 2, Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an overrun has occurred. When the 
HD6803 responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


= RAM CONTROL REGISTER 

This register, which is addressed at $0014, gives status 
information about the standby RAM. A 0 in the RAM enable 
bit (RAM E) will disable the standby RAM, thereby protecting 
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it at power down if Vcc Standby is held greater than Vspp 
volts, as explained previously in the signal description for Voc 
Standby. 


RAM Control Register 





$0014 

BitO Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit3 Not used. 
Bit 4 Not used. 
Bit5 Not used. 


Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the standby RAM. This bit is set 
to a logic “1” by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Bit 7 STBY The Standby Power bit is cleared when the stand- 

PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 


@ GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6803 is upward object code compatible with the 
HD6860 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 
Included in the instruction set section are the following: 
* MCU Programming Model (Figure 15) 
+ Addressing modes 
* Accumulator and memory instructions — Table 7 
* New instructions 
«Index register and stack manipulations instructions — Table 
8 
* Jump and branch instructions — Table 9 
* Condition code register manipulation instructions — Table 10 
*Instructions Execution times in machine cycles — Table 
11 
* Summary of cycle by cycle operation — Table 12 
+ Summary of undefined instructions — Table 13 


@ MCU Programming Model 

The programming model for the HD6803 is shown in Figure 
15. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 
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7 0 
BORDEwA 


8-Bit Accumulators A and B 


Or 16-Bit Double Accumuletor D 
Index Register (x) 

Stack Pointer (SP) 

Program Counter (PC) 


Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

interrupt 

Half Carry (From Bit 3) 


Figure 15 MCU Programming Model 


@ MCU Addressing Modes 

The HD6803 8-bit microcomputer unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 11 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The MCU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 
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Operations 
dd 


A 


Add Double 


DDD 
Add Accumulators | ABA |_| 


Add With Carry 
AND 
Bit Test 


Clear 


Compare 


Compare 
Accumulators 


Complement, 1's 


Complement, 2's 
(Negate) 


Decimal Adjust, A 


Decrement 


Exclusive OR 


Increment 


Load 
Accumulator 


Load Double 
Accumulator 
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Table 7 Accumulator & Memory Instructions 



































































































































































Multiply Unsigned 








OR, Inclusive 


Push Data 


Pull Data 


Rotate Left 


Rotate Right 
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The Condition Code Register notes are listed after Table 10. (Continued) 
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Table 7 Accumulator & Memory Instructions (Continued) 
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The Condition Code Register notes are listed after Table 10. 


Direct Addressing 

In direct addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved ‘by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher 8-bits of the address 
of the operand. The third byte of the instruction is used as the 
lower 8-bits of the address for the operand. This is an absolute 
address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register’s lowest 


8-bits in the MCU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
tmplied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter’s lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-126 to +129 bytes of the present instruction. These are two- 
byte instructions. 
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e@ New Instructions 
In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6803 Microcomputer. 


ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 
the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

LDD Loads the contents of double precision memory location into the double 
accumulator A:B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B, ACCA contains MSB of result. 

PSHX = The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

PULX The index register is pulled from the stack beginning at the current address 
contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 

STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 

*ACCD' is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu- 
lator is the most significant byte. 


Table 8 Index Register and Stack Manipulation instructions 






Addressing Modes Condition Code 


ee ee 


Boolean/ 


Arithmetic Operation Fa EE i¢) 


































































































Compare Index Reg CPX 8c +13 {86 }5 12 Acts 12 BC | 6 | ae : ooo t 
Decrement Index Reg DEX 09 ele 
Decrement Stack Pntr_ | DES Be 34] 3 e 
Increment Index Reg INX ea 3 ° 
Increment Stack Pntr INS e 
Load Index Reg LDX CE 3 a e 
Load Stack Pntr LDS 8E 13 a e 
Store Index Reg STX aan Xy 7M, X_ > (M+ 1) e 
Store Stack Pntr STs [SP > M, SP, > (M+1) e 
Index Reg Stack Pntr| TXS |X - 1 SP ° 
Stack Pntr > Index Reg; TSX SP + 12X e 
Add ABX 7 B+X7>X ® 

e 








XL Mgp, SP = 1 > SP 
XH Mp, SP - 1 SP 
SP + 1— SP, Msp > XH 
SP +1 SP,Mgp > Xi. 


























Push Data PSHX 
Pull Data PULX 


The Condition Code Register notes are listed after Table 10. 
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Table 9 Jump and Branch Instructions 


Addressing Modes sa coe 
Overton [aetarive[oineGT [DEX [extNo [wend | erent — TeTaT sla afo 
orate fortate fort= fe ror = te lorin te fH] FIN [z[vic 
Branch Always | BRA |[2oj3i2/ | | | | | — re tetera tet ° 
Branch Never eee a Ao [None sole leleleleo 
Branch If Carry Clear acetate fess Ee ‘ 
Branch If CarrySet | BCS |25}/3/2] | | [ | [c=i Cd fe fo lololo 


Branch If = Zero ee ° 
aranch > Zero | ace jaclsf2| ||| ||, ||] || [NOv-o lelelolelele 
Branch i> Zero | ect _j2efal2y ||| 1||1]] |] [2+wovico lelelelelole 
a EA TEI 
Branch If < Zero I eewowetlelolelelole 


Branch If Lower Or 
- pee TT ee — Pere 


Sa a 9 a 
Branch If Minus Boo bd 


Branch If Not Equal 

Zero 

Branch If Overflow 

en ec 


Branch If Overflow Set} BVS | le |e [ele 
Branch If Plus rae ENE Pals ol Pee Be Ce ees AAG ° 
peneh Te Suboute ee eter ggogoc 
Jump a | | | (6e [3 [2 {7 | Feat tt See Special Operations Sracecaca e 
Jump To Subroutine Hostetr pater eote je [e |e |e |e 


Se A eee 9 


Return From Interrupt| RTI | 


Subroutine Pee TEE TT pe 
Subroutine See Special Operations 


Software Interrupt 


Wait for interrupt war EEE eet 





Tablei0 Condition Code Register Manipulation Instructions 





Condition Code Register 
Operations Boolean Operation fs[4{3[2 [1 [o 
[op | ~ [+ | PH i [nizivi[e 
Clear Carry Pcie foc 2 fa fl lcTt“‘“CS#*CC ioe lo [rR 
Clear Interrupt Mask a eee ee ee en ee eee 
Clear Overflow fs, OE OA | ols OSV. 8 le | Oe | oR |e 
Set Carry Pp sec Cfo 2 it | CtctC“‘(‘Cid io fe feo le [ss 
Set Interrupt Mask ee a ee ne eke 
Set Overflow | SEV, Coop 2 fa CCltvtC“‘(C‘iC CG Te TS Jo 
Accumulator A + CCR Pp TAPCCsG op 2 ft [CAS CCRT 0) 
CCR Accumulator A TPA Por [2[i[ cera Co fo lo lo le 


Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 


(Bit V) Test: Result = 10000000? 

(Bit C} Test: Result * 00000000? 

(Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 
(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test: Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to result of N@ C after shift has occurred. 

(Bit N) Test: Result less than zero? (Bit 15 = 1) 

(AI Load Condition Code Register from Stack. (See Special Operations) 

(Bit 1) Set when interrupt occurs. !f previously set, a Non-Maskable Interrupt is required to exit the wait state. 
(All) Set according to the contents of Accumulator A. 

(Bit C) Set equal to result of Bit 7 (AccB) 
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Instruction Execution Times in Machine Cycle 


Table 711 


: Ex- In- im- Re 
Direct tended dexed plied lative 


Imme- 
diate 


ACCX 


F Ex- In- Im- Re- 
Direct tended dexed plied lative 


Imme- 
diate 


ACCX 


INX 


ABA 
ABX 
ADC 


JMP 
JSR 


LDA 


ADD 


LDD 
LDS 


ADDD 
AND 
ASL 


LDX 
LSR 


ASLD 
ASR 
BCC 
BCS 
BEQ 
BGE 


LSRD 
MUL 
NEG 
NOP 


10 


eo 


ORA 
PSH 


BGT 
BHI 
BIT 


PSHX 
PUL 


3 


PULX 


3 


BLE 
BLS 
BLT 
BMI 


ROL 
ROR 
RTI 


10 


RTS 
SBA 
SBC 


BNE 
BPL 


BRA 
BRN 
BSR 


SEC 
SEI 


SEV 


BVC 
BVS 


STA 


STD 
STS 


CBA 
CLC 
CLI 


STX 


SUB 


CLR 
CLV 
CMP 


SUBD 
swl 


12 


TAB 
TAP 


COM 
CPX 


TBA 
TPA 
TST 


DAA 
DEC 
DES 


TSX 


DEX 
EOR 
INC 


TXS 
WAI 


INS 
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@ Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 





control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner; ex- 
ceptions are indicated in the table). 


Table 12 Cycle by Cycle Operation 


Address Mode & 
Instructions 


IMMEDIATE 










ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 











SUBD 
ADDD 










DIRECT 
ADC EOR Op Code Address 
ADD LDA Op Code Address + 1 
AND ORA Address of Operand 
BIT SBC 
CMP SUB 
STA Op Code Address 
Op Code Address + 1 
Destination Address 
LDS Op Code Address 
LDX Op Code Address + 1 
LDD Address of Operand 
Operand Address + 1 
STS Op Code Address 
STX Op Code Address + 1 
STD Address of Operand 
Address of Operand + 1 
CPX Op Code Address 
SUBD Op Code Address + 1 
ADDD Operand Address 
Operand Address + 1 
Address Bus FFFF 
JSR Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 


Cycle R/W 


Op Code Address 
Op Code Address + 1 





Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FF FF 




















Data Bus 










Op Code 
Operand Data 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte} 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 







Op Code 
Address of Operand 
Operand Data 


Op Code 
Destination Address 
Data from Accumulator 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte} 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte} 
Return Address (High Order Byte) 


(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


Op Code Address 
Op Code Address + 1 








WN] 1WHD — 


| Address Bus FF FF 


Op Code Address 














Data Bus 






Offset 
Low Byte of Restart Vector 


v= ep cade 
























Index Register Plus Offset 












Operand Data (High Order Byte) 


ADD LDA Op Code Address + 1 Offset 
AND ORA Address Bus FFFF Low Byte of Restart Vector 
BIT SBC Index Register Plus Offset Operand Data 
CMP SUB | 
STA 4 1 | Op Code Address Op Code 
2 Op Code Address + 1 Offset 
3 Address Bus FF FF Low Byte of Restart Vector 
4 Index Register Plus Offset Operand Data 
LDS 5 1 Op Code Address Op Code 
LDX 2 Op Code Address + 1 Offset 
LDD 3 Address Bus FFFF Low Byte of Restart Vector 
LDD 4 Index Register Pius Offset Operand Data (High Order Byte) 
5 Index Register Plus Offset + 1 Operand Data (Low Order Byte) 
STS 5 1 Op Code Address Op Code 
STX 2 Op Code Address + 7 Offset 
STD 3 Address Bus FFFF Low Byte of Restart Vector 
4 
5 


ASL LSR 6 


Index Register Plus Offset + 1 











Op Code Address 

















pepeaed Data (Low Order Byte) 


Op Code 
Offset 
Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 















—_ SS eS ewe BSB OR wr BV AB Bl OO wm ww ee we me ow ot | Om mw 








1 
ASR NEG 2 Op Code Address + 1 
CLR ROL 3 Address Bus FFFF 
COM ROR 4 Index Register Plus Offset 
DEC TST* 5 Address Bus FFFF 
INC ail; 6 Index Register Plus Offset 
CPX 6 1 Op Code Address 
SUBD 2 Op Code Address + 1 
ADDD 3 Address Bus FF FF 
4 Index Register + Offset 
5 Index Register + Offset + 1 
a Address Bus FFFF 
JSR | 6 1 Op Code Address 


* In the TST instruction, R/W line of the sixth cycle is ‘1 level, and AB = FFFF, DB = Low Byte of Reset Vector. 











of WN 


a 


Op Code Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 
Stack Pointer - 1 
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Op Code 

Offset 

Low Byte of Restart Vector 
First Subroutine Op Code 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & 
Instructions 



































Cycle R/W 





Data Bus 


Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 


Destination Address (High Order Byte) 


| Destination Address (Low Order Byte) 















Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 











Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 










Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 























Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


EXTENDED 
JMP 3 Op Code Address 1 Op Code 
Op Code Address + 1 1 Jump Address (High Order Byte) 
Op Code Address + 2 1 Jump Address (Low Order Byte) 
ADC EOR Op Code Address 1 Op Code 
ADD LDA Op Code Address + 1 1 
AND ORA Op Code Address + 2 1 
BIT SBC Address of Operand 1 Operand Data 
CMP SUB 
STA 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 
3 Op Code Address + 2 1 
4 Operand Destination Address 0 Data from Accumulator 
LDS 1 Op Code Address 1 Op Code 
LDX 2 Op Code Address + 1 1 
LDD 3 Op Code Address + 2 1 
4 Address of Operand 1 Operand Data (High Order Byte) 
5 Address of Operand + 1 1 Operand Data (Low Order Byte) 
STS 1 Op Code Address 1 Op Code 
STX 2 Op Code Address + 1 1 
STD 3 Op Code Address + 2 1 
4 Address of Operand 0 Operand Data (High Order Byte) 
5 Address of Operand + 1 0 Operand Data (Low Order Byte) 
ASL LSR 1 Op Code Address 1 Op Code 
ASR NEG 2 Op Code Address + 1 1 
CLR ROL 3 Op Code Address + 2 1 
COM ROR 4 Address of Operand 1 Current Operand Data 
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector 
INC 6 Address of Operand 0 New Operand Data 
CPX 1 Op Code Address 1 Op Code 
SUBD 2 Op Code Address + 1 1 Operand Address (High Order Byte) 
ADDD 3 Op Code Address + 2 1 Operand Address (Low Order Byte) 
4 Operand Address 1 Operand Data (High Order Byte) 
5 Operand Address + 1 1 Operand Data (Low Order Byte) 
6 Address Bus FFFF 1 Low Byte of Restart Vector 
JSR 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 
3 Op Code Address + 2 1 
4 Subroutine Starting Address 1 Op Code of Next Instruction 
5 Stack Pointer 0 Return Address (Low Order Byte) 
6 Stack Pointer - 1 0 


* Inthe TST instruction, R/W line of the sixth cycle is “1” level, and AB = FFFF, DB = Low Byte of Reset Vector. 
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Table 12 Cycle by Cycle Operation (Continued) 


































R/W 


Line 





Data Bus 


Op Code 
Op Code of Next Instruction 


Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Op Code 

Op Code of Next Instruction 
Irrelevant Data 

Op Code 

Op Code of Next Instruction 
Low Byte of Restart Vector 
Op Code 

Op Code of Next Instruction 
Accumulator Data 

Op Code 

Op Code of Next Instruction 
Irrelevant Data 

Op Code 

Op Code of Next Instruction 
Low Byte of Restart Vector 




















IMPLIED 
ABA DAA SEC Op Code Address 
ASL DEC SEI Op Code Address + 1 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 
ABX Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
ASLD Op Code Address 
LSRD Op Code Address + 1 
Address Bus FF FF 
DES Op Code Address 
INS Op Code Address + 1 
Previous Register Contents 
INX Op Code Address 
DEX Op Code Address + 1 
Address Bus FF FF 
PSHA Op Code Address 
PSHB Op Code Address + 1 
Stack Pointer 
TSX Op Code Address 
Op Code Address + 1 
Stack Pointer 
TXS Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
PULA Op Code Address 
PULB Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 
PSHX 4 Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer - 1 
PULX 5 1 Op Code Address 
2 Op Code Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 
5 Stack Pointer +2 
RTS 5 1 Op Code Address 
2 Op Code Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 
5 Stack Pointer + 2 
WAI** 9 1 Op Code Address 
2 Op Code Address + 1 
3 Stack Pointer 
4 





Stack Pointer — 1 


@ HITACHI 





Op Code 
Op Code of Next Instruction 
Irrelevant Data 


Op Code 

Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte} 


Op Code 

Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 
Op Code 

Irrelevant Data 

Irrelevant Data 
Address of Next Instruction 

(High Order Byte) 
Address of Next Instruction 

(Low Order Byte) 
Op Code 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address 

High Order Byte 

(Continued) 
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Instructions 






“RTI 








ycles 








Table 12 Cycle by Cycle Operation (Continued) 


Address Mode & Cc Cycle Address Bus R/W Data Bus 


_ 
PWN AOHWODYNAUMHAWN =| ODN oe] 


oO 

















Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FF FF 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 4 





Stack Pointer + 2 
Stack Pointer + 3 


Stack Pointer + 4 





Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 





Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 


4 


ooe+-— 


Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 





Vector Address FFFB (Hex) 






Line 


—_ me ef eo or wr or oe or oe oe ew ot | OOOO 80 


-= 


= 


--"cOoOo000 


= 












Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond. Code Reg. 
from Stack 

Contents of Accumulator B 
from Stack 

Contents of Accumulator A 
from Stack 

Index Register from Stack 
(High Order Byte) 

Index Register from Stack 
(Low Order Byte) 

Next Instruction Address from 
Stack (High Order Byte) 

Next Instruction Address from 
Stack (Low Order Byte) 















ml Op Code 


Irrelevant Data 
Return Address (Low Order Byte) 
Return Address 

(High Order Byte) 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 










(Continued) 


** While the MPU is in the ‘Wait’ state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI 


instruction. 
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Table 12 Cycle by Cycle Operation (Continued) 


Cycle R/W 
Address Bus 
1 
1 


RELATIVE 










Address Mode & 
Instructions 
BCC BHT BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMT BVS 
BRN 


BSR 6 


Data Bus 












3 





Op Code Address 
Op Code Address + 1 
Address Bus FF FF 


Op Code 
Branch Offset 
Low Byte of Restart Vector 


Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Op Code of Next Instruction 


Stack Pointer Return Address (Low Order Byte) 
Stack Pointer — 1 Return Address (High Order Byte) 





WN 


1 





Hf wWNDhY 











oO 
ooVWr——- — 





@ Summary of Undefined Instruction Operations When the op codes (4E, 5E) are used to execute, the MPU 

The HD6803 has 36 underfined instructions. When these are continues to increase the program counter and it will not stop 
carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the 
change at random. LSI. 


Table 13 Op codes Map 








HD6803 MICROCOMPUTER INSTRUCTIONS 








acc| Acc ACCA or SP ACCB or X 

A | “3 |ND| EXT Tama] om [ WO [EXT] wa | O1R | ID [EXT] 
[e000 [060% [6036] 0047 [100] 0107 [ors0| 0171] 1000] 1001] 1010] 1019] 1100] 1101] 1110 
oe | ead a eee) es | eA ee Lee] ed 
pT sen fora asx [es —O«dTs CO CSC~C~C~S 
Tas com 


: 


~_ | art 





TAP TAB 
7 [TPA 
[nx er 








PSHX (+1 
MUL (+7) 






WAI (+6) 
SWI (+9 CLR STS (+1) STX (+1) 
1/3 216 | 3/6 | 2/2 | 2/3 | 2/4 | 3/4 | 2/2] 2/3 | 2/4 


{NOTES] 1) Undefined Op codes are marked with L_—]. 
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction, 


3) The instructions shown below are all 3 bytes and are marked with “*"". 
me coe arene mode of SUBD, CPX, LDS, ADDD, LDD and LD instructions, and undefined op codes 
F, CO, CF). 


4) The Op codes (4E, 5E) are 1 byte/oo cycles instructions, and are marked with “**", 


o 


~ 
— 
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aa | 


RESET 


Vector > PC 


RESET FFE: FFF 





1TM 





N 
EXECUTE 
: 
N 


N 





Stack Machine State 
PC, X, A, B, CC 


<a> N wal 


Y 
Y 
Y 
b Y 
*SCI = . . 
1 > ITMP SCI = TIE*-TDRE + RIE*(RDRF + ORFE) 
Condition Code Register 1>1 











nM Frc FFFO| 
| SWI | FFFA FFFB | 


FRG, | FFFS FFF | 
Doce | FFr4FFFS | 
TOF | FFF? FFFS | 
Psci_[ FFFO FFFT | 


Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 14 

input Capture Interrupt 

Output Compare tnterrupt 

Timer Overflow Interrupt 

SCI Interrupt (TDRE + RORF + ORFE) 


Figure 16 Interrupt Flowchart 
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Address Bus Data Bus 
Figure 17 HD6803 MCU Expanded Multiplexed Bus 
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HD6805S1— 
MICU (Microcomputer Unit) 


The HD6805S1 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD 
6800-based instruction set. 

The following are some of the hardware and software 
highlights of the MCU. 
= HARDWARE FEATURES 


8-Bit Architecture 

64 Bytes of RAM 

Memory Mapped 1/O 

1100 Bytes of User ROM 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — External and Timer 

20 TTL/CMOS Compatible I/O Lines; 8 Lines LED 
Compatible 

On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation 
kit 

5 Vdc Single Supply 

Compatible with MC6805P2 

SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing (Top View) 
Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches ® BLOCK DIAGRAM 


Memory Usable as Registers/Flags 
Single Instruction Memory Examine/Change Timer Timer 
7 Prescaler 8 Counter 


10 Powerfu! Addressing Modes 
8 A 
CPU 
ais 
Register 
8 x 
Condition 


All Addressing Modes Apply to ROM, RAM and 1/O 
Compatible with MC6805P2 
Code 
5 Register cc 


Stack 
Poi 
. ointer 


Program 
Counter 
“High” PCH ALU 
Program 
Counter 


HD6805S1P 





HD6805S1 





XTAL EXTAL RES NUM INT 























Port 


0 
Lines 


VaWNennon 


we een eo 


Port 
A 


Lines 


ro) 
>> >P PPD 
erg a 2 


C, re 


fc. 0 
Cy Lines 








w 
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® ABSOLUTE MAXIMUM RATINGS 


Item Symbol 


Supply Voltage 

Input Voltage (EXCEPT TIMER) 
input Voltage (TIMER) 
Operating Temperature 














Storage Temperature 
* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


# ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS (Vec=5.25V + 0.5V, Vss=GND, Ta=0~+70°C, unless otherwise noted.) 


Symbol Test Condition min typ | max | Unit 


Item 


Input “High” Voltage 





Value 
Vec * -0.3 ~ +7.0 
ve * -0.3~ +7.0 
m -0.3 ~ +12.0 
T opr 0 ~+70 
T5tg - 55~ +150 


All Other Vie 


Timer Mode 





Input ““High’’ Voltage Timer 


Self-Check Mode 








Unit 


yi<l< 


oO 
ala 


3.0 











2.0 








Input “Low” Voltage 


All Other 
Power Dissipation 
Low Voltage Recover 
Low Voltage Inhibit 

TIMER 
Input Leak Current, INT 


XTAL(Crystal Mode) 






Clock Frequency 





XTAL(Crystal Mode) 








-0.3 








Vin=0.4V~Vec 








Cycle Time 








Oscillation Frequency (External Resister Mode) 


~0.3 








R cp=15.0k92+1% 27 — 
= i 
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Vec 
Vee 


Pewee 
20| = |Vec| 
= [a0 


0.8 
0.8 


0.8 
700 
4.75 

20 

50 











0 


Vv 


<|/<j</<|/<j/<|/</< 


</</3 
= 


uA 
vA 
uA 


MHz 





INT Pulse Width 








RES Pulse Width 

















TIMER Pulse Width 





Oscillation Start-up Time (Crystal Mode) 


















a a | 
tiwe 550 = _ ns 
Se a ++ 
t teyeT | _ - ns 
RWL _| 250 
tiwe sy = = ns 
tosc C,=22pF 420%, = = 100 ms 


Rs=6022 max. 





Delay Time Reset 





Input Capacitance 







Alt Other 








Cin 


tRHL | External Cap. = 2.2 uF ie 





Vin= OV 
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@PORT ELECTRICAL CHARACTERISTICS (Voc = 5.25V + 0.5V, Vss = GND, Ta = 0 ~ +70°C unless otherwise noted.) 


ter 


lon = —10 nA 


low = —100 nA 


Unit 





t “High” Volta 
Outpu ig ge Port B 
Port C 
Port A and C 
“Low” Volta 
Output “‘Low’”’ Voltage Port B 


Input “High” Voltage 
Port A, B,C 
Input “Low” Voltage 


Port A 
Input Leak Current " 


Port B, C 


TTL Equiv. (Port B) 


i, = 3.2mA 


Test Point 





low = = —200 uA 


| tve | 

| = | 

| = | 

| - | 

| - 

lon = —100 4A = | 
eae 

| - | 

| - | 

<_< aan | - | 
| 

He el 


ec = 10 mA 


<fj<[<[<[<j<ji<ici<ic¢ 


EE 
>| > 


‘= 
> 


2.4k2 
Test Point 


<——_____ 





(NOTE) 1. Load capacitance includes the floating capacitance of thie probe and the jig etc. 
2. All diodes are 182074 @) or equivalent. 


Figure 1 Bus Timing Test Loads 


™® SIGNAL DESCRIPTION 

The input and output signals for the MCU shown in PIN 
ARRANGEMENT are described in the following paragraphs. 
® Vcc and Vss 

Power is supplied to the MCU using these two pins. VCC is 
+5,.25 V +0.5 V. Vgg is the ground connection. 
e INT 

This pin provides the capability for applying an external 
interrupt to the MCU Refer to INTERRUPTS for additional 
information 
@ XTAL and EXTAL 

These pins provide control input for the on-chip clock 
circuit. A crystal (AT cut, 4 MHz maximum) or a resistor can be 
connected to these pins to provide the internal oscillator with 
varying degrees of stability. Refer to INTERNAL OSCIL- 
LATOR OPTIONS for recommendations about these inputs. 


@ TIMER 

This pin allows an external input to be used to decrement the 
internal timer circuitry. Refer to TIMER for additional informa- 
tion about the timer circuitry. 

e RES 

This pin allows resetting of the MCU at times other than the 
automatic resetting capability already in the MCU. Refer to 
RESETS for additional information. 

@ NUM 

This pin is not for user application and should be connected 
to ground. 

@ Input/Output Lines (Ay ~ A,, Bo ~ B,,Co ~ C3) 

These 20 lines are arranged into tow 8-bit ports (A and B) 
and one 4bit port (C). All lines are programmable as either 
inputs or outputs under software control of the data direction 
registers. Refer to INPUTS/OUTPUTS for additional informa- 
tion. 
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= MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the MCU registers 
are pushed onto the stack in the order shown in Figure 3. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 


7 0 
000 1/0 Ports 2000 
Timer 
RAM 
127 (128 Bytes) $O7F 
128 Page Zero $080 
ROM — 
255 (128 Bytes) $oFF 
a8 Not Used $100 
ROM 
960 Main $3C0 
ROM 
1923 (964 Bytes) $783 
ieee Self Check $784 
ROM 
2039 (116 Bytes) $7F7 


2040 Interrupt 


Vectors 
ROM 
(8 Bytes) 





2047 $7FF 
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order three bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer 
increments when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to be 
pushed onto the stack. 


Oo On DO oO fF WHY | OC 


~ 
j=) 


no 
aw 


127 


7 6 5 4 3 2 1 0 
Port A 


Not Used 


Not Used (54 Bytes) 


RAM (64 Bytes) 
Stack 


*Write only registers 


















Figure 2 MCU Memory Configuration 


7 6 5 4 3 2 1 +0 Pull 
Condition 
Code Register 
Index Register 
Push 


* For subroutine calts, onty PCH and PCL are stacked 














Figure 3 Interrupt Stacking Order 


10 


sw 
oO 


: 


N 


0 


: 
°o 


$000 
$001 
$002 
$003 
$004” 
$005* 
$006* 
$007 
$008 
$009 
$00A 


$03F 
$040 


$07F 


Accumulator 


index Register 


10 


5 4 


(e) 


PH} tpn iz ic| Condition Code Register 


Carry/Borrow 


Zero 


Negative 


Interrupt Mask 


Half Carry 


Figure 4 Programming Model 
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@ REGISTERS 

The MCU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

@ Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

@ Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

@ Program Counter (PC) 

The program counter is an 11-bit register that contains the 
address of the next instruction to be executed. 
@ Stack Pointer (SP) 

The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as data 
is being pushed onto the stack and incremented as data is being 
pulled from the stack. The six most significant bits of the stack 
pointer are permanently set to 000011. During a MCU reset or 
the reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 
© Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each 
individual condition code register bit is explained in the 
following paragraphs. 







Manufacturing 
Mask Options 


@ Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 

@ Interrupt (I) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 

@ Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 

@ Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
© Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


= TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter is loaded under program control and counts down to- 
ward zero as soon as the clock input is applied. When the timer 
reaches zero the timer interrupt request bit (bit 7) in the timer 
control register is set. The MCU responds to this interrupt by 
saving the present MCU state in the stack, fetching the timer 
interrupt vector from locations $7F8 and $7F9 and executing 
the interrupt routine. The timer interrupt can be masked by 
setting the timer interrupt mask bit (bit 6) in the timer control 
register. The interrupt bit (1 bit) in the condition code register 
will also prevent a timer interrupt from being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal ¢, 
signal. Note that when the ¢, signal is used as the source it can 
be gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. The 


Timer 
Interrupt Req. 
Timer 
Interrupt Mask 





Timer 
Control Register 


Figure 5 Timer Block Diagram 
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source of the clock input is one of the options that has to be 
specified before manufacture of the MCU. A prescaler option 
can be applied to the clock input that extends the timing 
interval up to a maximum of 128 counts before being applied to 
the counter. This prescaling option must also be specified before 
manufacturing begins. The timer continues to count past zero 
and its present count can be monitored at any time by 
monitoring the timer data register. This allows a program to 
determine the length of time since a timer interrupt has occured 
and not disturb the counting process. 

At power up or reset the prescaler and counter are initialized 
with all logical ones; the timer interrupt request bit (bit 7) is 
cleared and the timer interrupt request mask bit (bit 6) is set. 





HD6805S1 


m= SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 


an oscillation of approximately three hertz. 
@ RESETS 

The MCU can be reset three ways: by initial powerup, by 
the external reset input (RES) and by an internal low voltage 
detect circuit, (mask option) see Figure 7. All the I/O port are 
initialized to Input mode (DDR’s are cleared) during RESET. 

Upon power up, a minimum of 100 milliseconds is needed 
before allowing the reset input to go “High”. 

This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input as shown in Figure 8 
will provide sufficient delay. 


HD6805S1 , 
(Register option) 
B 


Vec = Pin 3 
Vss = Pin 1 





* Refer to Figure 9 about crystal option 


Figure 6 Self Check Connections 


Internal 
Reset 





“Dip” in Power 





Figure 7 Power Up and RES Timing 
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106386368) 


2.2uF 














Part of 
HD6805S1 
MCU 


Figure 8 Power Up Reset Delay Circuit 


4 MHz 
max 4IXTAL HD6805S1 
MCU 
22pF+20% 


=I 


Crystal 





@ INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit has been designed to require a 
minimum of external components. The use of a crystal (AT cut, 
4 MHz max) or a resistor is sufficient to drive the internal 
oscillator with varying degrees of stability. A manufacturing 
mask option is available to provide better matching between the 
external components and the internal oscillator. The different 
connection methods are shown in Figure 9. Crystal specifica- 
tions are given in Figure 10. A resistor selection graph is given in 
Figure 11. 





HD6805S1 
XTAL MCU 








Approximately 25% Accuracy 
External: Jumper 


HD6805S1 


4] XTAL MCU 


No 
Connection 


Approximately 15% Accuracy 
External Resistor 


RESISTOR OPTIONS 


Figure 9 Internal Oscillator Options 


External HD6805S1 
4EXTAL 
Clock ‘ MCU 
Input 
External Clock 
CRYSTAL OPTIONS 
Cc, 
XTAL L, Rs EXTAL 
4 c 5 
0 


AT — Cut Parallel Resonance Crystal 


C, = 7 pF max. 
f = 4 MHz (C, =22pF+20%) 
Rg = 60 2 max. 


Figure 10 Crystal Parameters 


Frequency (MHz) 





0 5 10 15 20 25 30 35 40 45 = 50 
Resistance (kQ) 


Figure 11 Typical Resistor Selection Graph 
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SS DO 8009) 















1-1 

















7F —+SP 
: Stack 
0 —-DDR's 
CLR INT Logic PC, X, A, CC 
FF + Timer 
7F — Prescaler 


7F +TCR 





Load PC From 
SWI: 7FC, 7FD 
INT: 7FA, 7FB 

TIMER: 7F8, 7F9 


Load PC From 
Reset: 7FE: 7FF 








Fetch 
Instruction 







Execute 
Instruction 


Figure 12 Interrupt Processing Flowchart 






Data 
Direction 
Register Bit 


Output 
Data Bit 











Data 











Direction Output Output Input to 
Register Data Bit State MCU 
Bit 


Figure 13 Typical Port |/O Circuitry 


@ HITACHI 141 


HD6805S1 


@ INTERRUPTS 

The MCU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer 
interrupt request, and a software interrupt instruction (SWI). 
When any interrupt occurs, processing is suspended, the present 
MCU state is pushed onto the stack, the interrupt bit (I) in the 
condition code register is set, the address of the interrupt 
routine is obtained from the appropriate interrupt vector 
address, and the interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
(RTI) instruction which allows the MCU to resume processing 


of the program prior to the interrupt. Table 1 provides a listing 


of the interrupts, their priority, and the vector address that 
contain-the starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given in 
Figure 12. 


Table 1 


Interrupt Priorities 








Vector Address 







RES $7FE and $7FF 
Swi $7FC and $7FD 
iNT $7FA and $7FB 


$7F8 and $7F9 


Port A 


D> eescoses PD 





Port A Programmed as output(s) driving CMOS and TTL Load directlv. 
(a) 









o 
° 






Port B 


10 mA max 






o 
ey 


Port B Programmed as output(s) driving LED(s) directly. 
(c) 





= INPUT/OUTPUT 

There are 20 input/output pins. All pins are programmable as 
either inputs or outputs under software control of the data 
direction registers. When programmed as outputs, all I/O pins 
read latched output data regardless of the logic level at the 
output pin due to output loading (see Figure 13). When port B 
is programmed for outputs, it is capable of sinking 10 
millamperes on each pin (VOL = 1V max). All input/output 
lines are TTL compatible as both inputs and outputs. Port A 
lines are CMOS compatible as outputs while port B and C lines 
are CMOS compatible as inputs. Figure 14 provides some 
examples of port connections. 


= BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single 1/O bits as control lines. The example in Figure 15 
illustrates the usefulness of the bit manipulation and test 
instructions. Assume that bit 0 of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which powers the controlled hardware. 

This program, which uses only seven ROM locations, 
provides turn-on of the TRIAC within 14 microseconds of the 
zero crossing. The timer could also be incorporated to provide 
turn-on at some later time which would permit pulse-width 
modulation of the controlled power. 










a 
° 


lc*hrele 


Port B 






@ 


ay 


Port B Programmed as output(s) driving Darlington base directly. 
(b) 


+V 








OQ 
° 


Port C CMOS Inverter 






2 


Port C Programmed as output(s) driving CMOS using external pull-up 
resistors. d) 


Figure 14 Typical Port Connections 
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SELF 1 BRCLR 0, PORT A, SELF 1 
BSET 1,PORT A 


BCLR 1,PORT A 


Figure 15 Bit Manipulation Example 


® ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

@ Immediate 

Refer to Figure 16. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

@ Direct 

Refer to Figure 17. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

@ Extended 

Refer to Figure 18. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

@ Relative 

Refer to Figure 19. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

@ Indexed (No Offset) 

Refer to Figure 20. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and ‘their EA is the contents of the index register. 

@ Indexed (8-bit Offset) 

Refer to Figure 21. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 

@ Indexed (16-bit Offset) 

Refer to Figure 22. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 
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© Bit Set/Clear 

Refer to Figure 23. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 
@ Bit Test and Branch 

Refer to Figure 24. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 
@ Implied 

Refer to Figure 25. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


® INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
@ Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 
@ Read/Modity/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 
@ Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
© Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
® Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 
@ Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 
@ Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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Prog Count 
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aaa 





PROG LDA #$F8 O5BE 
OSBF 
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J 
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' 1 
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Figure 16 Immediate Addressing Example 


CAT FCB 32 004B 





Index Reg 
Stack Point 
PROG LDA CAT  052D 
E 
Ts Prog Count 
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Figure 17 Direct Addressing Example 
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PROG LDA CAT Index Reg 
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e 
1 
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Figure 18 Extended Addressing Example 
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Figure 19 Relative Addressing Example 


PROG BEQ PROG2 04A7 
04A8 
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TABL FCC/ LI /00B8 





: ; Stack Point 


PROG LDA X O5F4 F6 


t 


CC 


! aa 


[ | 
Figure 20 Indexed (No Offset) Addressing Example 


TABL FCB #BF 0089 
FCB # 86 008A 
FCB #DB = 008B 
FCB #CF 008C 





Index Reg 







Stack Point 





Prog Count 


075E 


cc 


3 | ee 


i) 
EO | 


Figure 21 Indexed (8-Bit Offset) Addressing Example 


146 @ HITACHI 


SSS D6 80ss1 







Memory 


PROG LDA TABL. X 0692 Stack Point 


0693 
0694 Prog Count 
cc 


ee ae eae aes CO) 


FCB #86 077F 
FCB #0B 0780 
FCB #CF 0781 


Figure 22 Indexed (16-Bit Offset) Addressing Example 


PORTB EQU 1 


Index Reg 


PROG BCLR 6.PORT B OS8F 
0590 


Stack Point 


Prog Count 


Figure 23 Bit Set/Clear Addressing Example 
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PORTC EQU 2 


PROG BRCLR 2. PORT C. PROG 2 


PROG TAX O5BA 
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0002 





Memory 


ll 


97 


ll 


| 


0574 
0575 
0576 


Adder 


—a 


re] 
NS 


Index Reg 
0000 


Stack Point 


Prog Count 
0000 


Adder 
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Figure 24 Bit Test and Branch Addressing Example 
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Table 2 Register/Memory Instructions 


Addressing Modes 


















































with Memory 


Bit Test Memory with A 

(Logical Compare) ea 
Jump Unconditional Pteciice: (BG 25) 351-6 | i | 

Jump to Subroutine | JSR Sa ee ee ee eee 











‘ : ‘ Indexed Indexed Indexed 
Euees iomeciate Dinct Egienied (No Offset) (8-Bit Offset) (16-Bit Offset) 

Op Op Op Op # Op # # Op # # 
Code ei cee Code to cot es mie eae Code Son Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 

Load A from Memory [re | 1 | 4 lee] 2 | 5 [oe/ 3 | 6 

Lond X trom Mary repeat tet peleisieel ss [ere 

Sen Xintenery [sx [=f ferpets fete pete[ rs feta, @ fert a] 

a EaCHESEH aE 

Carry toA 

Subtract Memory zac ofa] 

Subtract Memory from SBC 02 | 3 6 

Awith Borrow ; 

AND MemorytoA | AND | pal 3 | 6 

OR Memory withA | ORA | | OA | 6 

Exclusive OR Memory 08 | 6 

with A 

Arithmetic Compare A | 6 

with Memory 

Arithmetic Compare X cx | as 0s | 6 


a 


Table 3 Read/Modify/Write Instructions 


Addressing Modes 


Indexed Indexed 
(No Ss (8-Bit — 


pith Op 
s sen eran ra oe nee 


Bytes | Cy 
increment ie rn a el ce 7c 7 
Decrement ee ee ee ee eee ? 
Clear |p con | ae | | 4 [oe an De ee Ea 
Complement | com | 43 [1 | 4 | 53 | d 


ee ee a 
_ (2's Complement) 

| so | 

| 56_| 

| 58 | 


Function Implied (X) 


~“ 


Rotate Right Thru Carry | a6] 1 | 4 | 
Logical Shift Left LSL | 4 | 
Logical Shift Right isk | 44 [| 1 | 4 | 
Arithmetic Shift Right | ASR | 47 [ 1 | 4 | 57 
Arithmetic Shift Left Paes 


Test for Negative or 
Zero 





swint NE NENT ™ 
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Table 4 Branch Instructions 


Relative Addressing Mode 























Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 
Branch Never | BRN | tT 
Branch IF Higher se 4 
Branch IF Lower or Same BLS 23 2 4 
Branch IF Carry Clear BCC ae eee eee ee 4 
(Branch IF Higher or Same) (BHS) 24 2 4 
Branch IF Carry Set BCS ae ae ee 4 
(Branch 1F Lower) (BLO) 25 2 4 
Branch !F Not Equal BNE 26 2 4 
Branch IF Equal BEQ 27 2 4 
Branch IF Half Carry Clear 28 2 4 
Branch !F Half Carry Set BHCS | 629 | 4 
Branch IF Plus BPL 2A 2 4 
Branch IF Minus BMI 2B 2 4 
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4 
Branch IF Interrupt Mask Bit is Set | pms =| ao | 2 | 4 
Branch (F Interrupt Line is Low BIL a ae ee 4 
Branch IF Interrupt Line is High BiH 2F 2 4 
Branch to Subroutine BSR AD 2 8 


Table 5 Bit Manipulation Instructions 
Addressing Modes 


Function Bit est Bit Test = Branch 


Op Op 
a — — =a ee _ Ba 


Branch IF Bit n is set 10 


Branch IF Bit n is clear ec or = 10 


Set Bit n eo = 


Clear bit n Bc : 


Table 6 Control Instructions 


—_ 
Function Mnemonic 
Op 
ee 


Transfer A to X 


Transfer X toA —— 
Set Carry Bit 
Clear Carry Bit 


Set Interrupt Mask Bit Seema el el 
Clear Interrupt Mask Bit a 








NTN MTR DM] by 





Software Interrupt 11 
Return from Subroutine RTS 

Return from Interrupt RT! 

Reset Stack Pointer RSP Cc 


NN] Orn 
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Table 7 Instruction Set 























































































































































































































Addressing Modes Condition Code 
Mnemonic Indexed Bit Bit 
Imme- . Ex- Re- Indexed | Indexed 
Implied| .. Direct : fo) é : Set/ j Test & | H N;2Z2 {C 
diate tended | lative Offset) (8 Bits) | (16 Bits) Clear | Branch 
ape ||» |» |x x [~~ | | _lATe [ATATA 
ADD x x a x x LA ®e1ALAISA 
AND x x x x x : @eieiAiAse 
ASL x rele” x x aie @l@iANAIATIA 
ASR x ae ee ee ae ele ALAA 
BOC ee itn Ube Ie en SY Re ee pe ee a aes | eee 
BCLR ieee (ee ee eee x ejelelele 
BCS x = eljeieiele 
BEQ x elj@eie;eie 
+ } i : nee eee : —_|— ee at +} 
BHCC x @ejel|e,eijfe 
eat an oe a ee | OE 
BHCS x elj@eiejeie 
BHI an | x cal ee elie | 
B di: cae en —— pou en me eae . ee 
BHS — x Te wd Me e 
BIH 
i (ee Be [| elelele le 
BIL ia x ee, el/eleie 
Px x } x | x x x ei AiA |e 
ty oe 
ce ek x eleielele 
BLS “aie ee x = elelelele 
Sead i ened es 
BMC a ae i x ok e\ie;\e eer. 
ga = 4| es — 
BMI [ x elelelei\fe 
as L 4—_f 
BMS a x e le eleile 
BNE | x | an je lele Scat 
BPL x @elej;/eleie 
| + ee HE Sea 
BRA x ejie Es e@je 
coe | 
aes TT x ac elielA 
e 
bes x e,;@elelA 
hd x eleleieje 
x eleleliefle 
J aes adh Pr NEY a Vl A i 
CLI x hs [@/o;e|ie je 
CLR | x x x x | | e;e;a {1 |¢ 
CMP x x x x x i x ®CiPIATAIA 
COM x | x x Xf i @eli@e@lA!lA}1 
CPX x x x | x x x @l@el/AIAIA 
pec | eel AlAle 
EOR x [x po [xe [se | | [ete falale 
INC x x x x Ale 
JMP ia x x x x an ele 
JSR x x x x ie | |e le 
LDA x x x x x Pel ALA ® 
cox | | x Tx | x | of « | x | petaAlale 








Condition Code Symbols: (to be continued) 


H Half Carry (From Bit 3) 
| Interrupt Mask 

N Negative (Sign Bit) 

Zz Zero 


Cc Carry Borrow 
/\ _ Test and Set if True, Cleared Otherwise 
® Not Affected 
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Mnemonic 


LSL 
LSR 
NEG 
NOP 
ORA 
ROL 
ROR 
RSP 
RTI 
RTS 
SBC 
SEC 
SEI 
STA 
STX 
SUB 
Swi 
TAX 
TST 
TXA 





Table 7 Instruction Set 


Addressing Modes 











Condition Code 























ee Bit 

td) eet Baie ae LL MLLE) a ee fefnle. : 
ee ee es a ee | te fe [AJ ATA 
fo re i eee ae eee ee eee eee A 
ee ee ee ae ee ee ee 
el ae ar eee ae ieee ae ee een 
CE 
44} ee ee a ee 
pes ee Re Ee Le 
(ae eee as eae ee oe ere Cee ee a 
a ae ae ae Ee ae ee ee ee 
ei oe ea ae ——- | | CT fe lteoleole 
a ae ea | te Je lAtala 
(0 Re Fe ed PE Ue, ies ee Pe ee 
2 ee) ° 
(eae a | x ee PAP 
a ee eee 

ee a ae ee ee es 
PMs Se et fee eee Neel wet ae Tn ce OS 4 Oc 
EE e 
Po x | x | a ee ee ee 
al ee ee ee ee es ee ee eee 


enor Code Symbols: 


Half Carry (From Bit 3) 
: Interrupt Mask 
Negative (Sign Bit) 


N 


Z Zero 
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Carry/Borrow 

Test and Set if True, Cleared Otherwise 
Not Affected 

Load CC Register From Stack 
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0 
BRCLRO | BCLRO 
BRSET1 | BSET1 


BRCLRi1 | BCLR1 


BRSET2 





2 


BCLR2 





ies) 
Ps) 
an 
fag) 
= 
Ww 


BRCLR4 
BCLR6E 


BCLR4 











F 





BHI 
BLS 





BCS 





Table 8 Opcode Map 


COM 


BSET2 { BCC LSR 


[sik wariviion [Branch] —Feeaiweaivnwrne ono [ Remo 
[crmen | dew | Re [oon | a | x | x1 [xo | we | wo [ome | oom [exe | xz | xr | 2 | 
Po [1 fetstatstetypetetatetejvole le] 


BSE (BNE | ROR ee 
jercir3 |ecur3|eeaq | ASR ax | STAG) 


BRSET4 | BSET4 | BHCC 


HD6805S1 





Register/Memory 













- SUB 

- cme 

Eos 380 

| swie | CPX L 
ae ee ee 

| = | - | BIT w 
















LSL/ASL 
ROL -__| SEC AOC 
DEC - [cu ORA 
- -__| SEI ADD 
INC | - [ree | - | JMP(~1) 


(NOTE) 1. Undefined opcodes are marked with “—". 
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 


Mnemonics followed by a ‘‘*” require a different number of cycles as follows: 
















RTI 
RTS 6 
swi 11 
BSR 8 
3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


@ HITACHI 


153 


HD6805U1 
MCU (Microcomputer Unit) 


The HD6805U1 is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, I/O and HD6805U1P 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD6800- 
based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 


HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped |/O 

2056 Bytes of User ROM 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — External and Timer 

24 1/0 Ports + 8 Input Port 

(8 Lines LED Compatible; 7 Voltage Comparator Inputs) 
On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation Kit 
5 Vdc Single Supply 


(DP-40) 





8 PIN ARRANGEMENT 


SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 
Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 
10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and 1/O 
Compatible Instruction Set with MC6805P2 


# BLOCK DIAGRAM 


XTAL EXTAL RES NUM INT 







Accumulator 









Index 
Register 


2aDeo now 
PH BAF DOs 
6 


Condition 
Port 
A 


Port 
A 
ie) 


a 
Lines bia 





b>>> >> ED 
were es Ke 


Port 


uo 
Lines 


anNnAAANDADA 
reas n° 





Program 
Counter 
“Low’ PCL, 








1 
D, Port 


ie) 
O, input 
Dy Lines 
Oo, 


5 
Or/VtH 
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(Top View) 





@ ABSOLUTE MAXIMUM RATINGS 





HD6805U 1 








Item Symbol Value Unit 
Supply Voltage Vec* -0.3 ~ +7.0 Vv 
Input Voltage (EXCEPT TIMER) * -0.3~ +7.0 V 

Vin a 
Input Voltage (TIMER) -0.3 ~ +12.0 V 
7 — ° 

Operating Temperature T opr 0 ~+70 Re 
Storage Temperature T stg - 55~ +150 Cc 





* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


s ELECTRICAL CHARACTERISTICS 


® DC CHARACTERISTICS (Vcc=5.25V + 0.5V, Vsgs=GND, Ta=0~+70°C, unless otherwise noted.) 






















































Item | Symbol | TestCondition | min |typ | max| Unit 
| 4.0 Vec}] V 
Input “High” Voltage iNT | | 3.0] — | Vec| V 
All Other Vin | 2.0 Vec| V 
“Utah” 2.0) — | Vec| V 
Input ‘*High’’ Voltage Timer Self Check Mode | 30 r— T1109) y 
RES ‘ -0.3} — | 0.8] V 
Input ‘’Low’’ Voltage ell Vie 7 zu) Bia le ¥ 
XTAL(Crystal Mode) -0.3} — 0.6) V 
All Other - 0.8; V 
Power Dissipation — Po 23) mw 
Low Voltage Recover LVR - | - [475[ v 
Low Voltage Inhibit LVI — |4.0) — Vv 
ra 
Input Leak Current Lit Vin=0.4V~Vec 50 | wA 
roof = [OHA 








@ AC CHARACTERISTICS (Vec=5.25V + 0.5V, Vss=GND, Ta=0 ~ +70°C, unless otherwise noted.) 



























































Item Symbol Test Condition min {typ | max |Unit 
Clock Frequency fo 0.4 ~ 4.0) MHz 
c $f 
Cycle Time teye 1.0 _ 10 |} ws 
Oscillation Frequency (External Resister Mode) fext Rep=15.0k8241% 2.7 - 4.0 | MHz 
ae . fe t + 
INT Pulse Width tiwL 560 - |= ns 
ee ee 
RES Pulse Width baw teyer | — | — | ns 
eae a 
TIMER Pulse Width tags rd on 
+ 4 aa SE 
P . ’ ri C._=22pF +20%, 
Oscillation Start-up Time (Crystal Mode) tosc Re=602 max. . - — {100 | ms 
Delay Time Reset tRHL [External Cap. = 2.2 uF 100 - — |oms 
EXTAL - ~ 
Input Capacitance Cin Vin=O0V eh Se BD CBE en 
All Other - = 10 | pF 
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@ PORT ELECTRICAL CHARACTERISTICS (Vcc = 5.25V 
Item 


[Symbol | Test Condition [min] 
| lon=-10wA | 385 | - T 


+ 0.5V, Vsg = GND, Ta = 0 ~ +70°C unless otherwise noted.) 


[we [max | Uni 





Vv 
Port A 
Ca a oer ae 
Output “High” Volta | ton =—200uA | = —200 Vv 
apne ee | eee: ee 
Cao Resim wae ee ey 
eT ST Sm eae We 
cad iy es ee eS 
ae eT a a aE eal  T 
Input “High” Voltage | Porta.e,c, | VW | | 20 | - | Vee V 
Baa hoe ge ae 
Fc a G 
suaig eae Cafes i A I a A 
Port B, C, — 
Vn=04V~Vec | -20 | - | 2 | ua 
ee 
input “Low” Voltage | FOO Tova | |= [Mr] 
ineheuvden: rnb va es eee 


* Port D as digital input 
** Port D as analog input 


TTL Equiv. (Port B) 


14,=3.2mA 





Test Point 


(NOTE) 


2. All diodes are 12074 or equi 


TTL Equiv. (Port A and C) 


2.4kK2 


j= 1.6mA 
a 


Test Point 





1, Load capacitance includes the floating capacitance of thie probe and the jig etc. 


valent, 


Figure 1 Bus Timing Test Loads 


® SIGNAL DESCRIPTION 

The input and output signals for the MCU shown in PIN 
ARRANGEMENT are described in the following paragraphs. 
® Voc and Vg 

Power is supplied to the MCU using these two pins. Voc 
is +5.25V +0.5V. Vog is the ground connection. 
e INT 

This pin provides the capability for applying an external 
interrupt to the MCU Refer to INTERRUPTS for additional 
information. 
@ XTAL and EXTAL 

These pins provide control input for the on-chip clock 
circuit. A crystal (AT cut, 4 MHz maximum) or a resistor can be 
connected to these pins to provide the internal oscillator with 
varying degrees of stability. Refer to INTERNAL OSCIL- 
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LATOR OPTIONS for recommendations about these inputs. 


e@ TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 


e@ RES 

This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to RESETS for additional information. 


e@ NUM 
This pin is not for user application and should be connected 
to ground. 


ITACHI 


@ Input/Output Lines (A, ~ A,,By ~ B,,Co ~C,) 

These 24 lines are arranged into three 8-bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 
software control of the data direction registers. Refer to IN- 
PUTS/OUTPUTS for additional information. 


@ Input Lines (Dp ~ D,) 

These are 8-bit input lines, which has two functions. Firstly, 
these become TTL compatible inputs, by reading $003 address. 
The other function of them is 7 Voltage comparators, by read- 
ing $007 address. Please refer to INPUT PORT for more detail. 





HD6805U 1 


a MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the MCU regi- 
sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer in- 
crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to 
be pushed onto the stack. 


7 6 5 4 3 2 1 0 





co so 
1/0 Ports Timer 
Port B 
RAM (128 Bytes) q ees saad 
127 2 Port C $002 
128 3 Port D (digital) $003"* 
ROM 
(128 Bytes) 4 Port ADDR $004* 
255 5 Port BDDR $005* 
256 6 Port C DDR $006* 
Not Used 7 Port D (analog) $007** 
2047 8 Timer Data Reg, $008 
2048 9 Timer CTRL Reg, $009 
10 $00A 
Not Used (22 Bytes) 
ROM 31 $01F 
(1920 Bytes) 32 RAM (96 Bytes) $020 
Stack 
127 $07F 
3967 
39 


68 Self-Test 





* Write only registers 
** Read only register 


Figure 2 MCU Memory Configuration 


7 6 5 4 
Condition 
Code Register 
1°17 °1~«4 PCH* 
Push 


* For subroutine calls, only PCH and PCL are stacked. 


Pull 


3°92 =#71 =«~0 






n+1 






n+2 






nt+3 


11 






n+4 






n+5 





Figure 3 Interrupt Stacking Order 


@ HITACHI 


Accumulator 


Index Register 


Program Counter 


5 4 
PPT PL] sce Pome 


Condition Code Register 


Carry/Borrow 
Zero 

Negative 
Interrupt Mask 





Half Carry 
Figure 4 Programming Model 
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a REGISTERS 

The MCU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs, 

@ Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

@ Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode, It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

@ Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 
@ Stack Pointer (SP) 

The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 0000011. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 
® Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. a 
@ Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 








>, 
(Internal) 


Timer ‘ 
Input r] 
Pin i 
poteee 3 
’ ‘ 
4 t 
5 
‘ ' 
Lenwann = | 


Manufacturing 
Mask Options 


Prescaler 


8-Bit Counter 


indicate that a carry occurred between bits 3 and 4. 
@ Interrupt (1) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt. bit is reset. 

@ Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 

@ Zero (2) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
@ Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


= TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter is loaded under program control and counts down to- 
ward Zero as soon as the clock input is applied. When the timer 
reaches zero the timer interrupt request bit (bit 7) in the timer 
control register is set. The MCU responds to this interrupt by 
saving the present MCU state in the stack, fetching the timer 
interrupt vector from locations $FF8 and $FF9 and executing 
the interrupt routine. The timer interrupt can be masked by 
setting the timer interrupt mask bit (bit 6) in the time control 
register. The interrupt bit (I bit) in the condition code register 
will also prevent a timer interrupt from being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal ¢, 
signal. Note that when the $2 signal is used as the source it can 
be gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. The 
source of the clock input is one of the options that has to be 
specified before manufacture of the MCU. A prescaler option 
can be applied to the clock input that extends the timing 
interval up to a maximum of 128 counts before being applied to 







Timer 
Interrupt Req. 
Timer 
Interrupt Mask 





Timer 
Control Register 


Figure 5 Timer Block Diagram 
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the counter. This prescaling option must also be specified before 
manufacturing begins. The timer continues to count past zero 
and its present count can be monitored at any time by monitor- 
ing the timer data register. This allows a program to determine 
the length of time since a timer interrupt has occured and not 
disturb the counting process. 

The Timer Data Register is 8-bit Read/Write Register with 
address $008 on Memory-Map. This Timer Data Register and 
the prescaler are initialize with all logical ones at Reset time. 

The Timer Interrupt Request bit (bit 7 of Timer Control 
Register) is set to one by hardware when timer count reaches 
zero, and is cleared by program or by hardware reset. The bit 6 
of Timer Control Register is writable by program. Both of those 
bits can be read by MPU. 





+9V 8 | TIMER 


Vec =Pin4 


Vss = Pin 1 





Internal 
Reset 


HD6805U1. 
(Register option) 


HD6805U 1 


@ SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation of approximately three hertz. 


= RESETS 

The MCU can be reset three ways: by initial powerup, by 
the external reset input (RES) and by an internal low voltage 
detect circuit , (mask option) see Figure 7. All the I/O port are 
initialized to Input mode (DDR’s are cleared) during RESET. 

Upon power up, a minimum of 100 milliseconds is needed 
before allowing the reset input to go “High”. 

This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input as shown in Figure 8 
will provide sufficient delay. 






Es ey 


wn 


w 


n 


>> > DP > > > > 







* Refer to Figure 9 about crystal option 


Figure 6 Self Check Connections 


“Dip” inPower 





Figure 7 Power Up and RES Timing 


@ HITACHI 


159 


HD6805U 1 -—_--—________-—_ 











Part of 
HD6805U 1 
MCU 


Figure 8 Power Up Reset Delay Circuit 


4 MHz 
max 5) XTAL HD6805U1 


MCU 


22pF+20% 


Crystal 






6 EXTAL 


External 
Clock 
Input 


5) XTAL HD6805U1 
MCU 


External Clock 


CRYSTAL OPTIONS 





® INTERNAL OSCILLATOR OPTIONS 


The internal oscillator circuit has been designed to require a 
minimum of external components. The use of a crystal (AT cut, 
4 MHz max) or a resistor is sufficient to drive the internal 
oscillator with varying degrees of stability. A manufacturing 
mask option is available to provide better matching between 
the external components and the internal oscillator. The differ- 
ent connection methods are shown in Figure 9. Crystal specifi- 
cations are given in Figure 10. A resistor selection graph is given 


in Figure 11. 





HD6805U1 
XTAL MCU 







Approximately 25% Accuracy 
External: Jumper 


HD6805U1 


A 
5} XTAL MCU 






No 
Connection 


Approximately 15% Accuracy 
External Resistor 


RESISTOR OPTIONS 


Figure 9 Interna! Oscillator Options 


XTAL Rs EXTAL 





AT — Cut Parallel Resonance Crystal 
C, = 7 pF max. 

f = 4 MHz 

Rg = 60 2 max. 


Figure 10 Crystal Parameters 








Frequency (MHz) 











0 5 10 15 20 25 30 
Resistance (kQ) 


Figure 11 Typical Resistor Selection Graph 
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1) 
7F SP 
0 —-DODR's 
‘CLR INT Logic 
FF — Timer 
7F — Prescaler 
7F + TCR 





Load PC From 
Reset: FFE, FFF 


Load PC From 
SWI: FEC, FFD 
INT: FFA, FFB 

TIMER: FF8, FF9 







Fetch 
Instruction 








Execute 
Instruction 


Figure 12 Interrupt Processing Flowchart 









Data 
Direction 
Register Bit 








Output 
Data Bit 













Data 
Direction 
Register 
Bit 






Output 
Data Bit 





0 
1 
3-State 





Figure 13 Typical Port 1/O Circuitry 
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Output Input to 
State MCU 
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8 INTERRUPTS 

The MCU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- 
rupt request, and a software interrupt instruction (SWI). When 
any interrupt occurs, processing is suspended, the present MCU 
state is pushed onto the stack, the interrupt bit (1) in the condi- 
tion code register is set, the address of the interrupt routine is 
obtained from the appropriate interrupt vector address, and the 
interrupt routine is executed. The interrupt service routines 
normally end with a return from interrupt (RTI) instruction 
which allows the MCU to resume processing of the program 
prior to the interrupt. Table 1 provides a listing of the inter- 
rupts, their priority, and the vector address that contain the 
starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given 
in Fig. 12. 


Table 1 Interrupt Priorities 








Vector Address 
$FFE and $FFF 
$FFC and $FFD 
$FFA and $FFB 
$FF8 and $FF9 







Interrupt 











a INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software contro! of the data 
direction registers. When programmed as outputs, all I/O pins 
read latched output data regardless of the logic level at the 
output pin due to output loading (see Fig. 13). When port B is 


° 


Port A 


A 
° 
° 
e 
° 
° 
e 
e 
e 

A 


a 





Port A Programmed as output(s) driving CMOS and TTL Load directly. 
(a) 









oO 
° 






Port B 


10 mA max 






o 
Re) 


Port B Programmed as output(s) driving LED(s) directly. 
{c) 


Port B 





programmed for outputs, it is capable of sinking 10 millamperes 
on each pin (Vo, = 1V max). All input/output lines are TTL 
compatible as both inputs and outputs. Port A lines are CMOS 
compatible as outputs while port B and C lines are CMOS com- 
patible as inputs. Figure 14 provides some examples of port 
connections. 


@ INPUT 

Port D is 8-bit input port, which has two functions. One of 
them is usual digital signal input port and the other is voltage 
compare type input port. In the former case, the input data 
can be read by MPU at $003 address. In the latter case, D, 
(pin 17) is the input pin of V-ry (reference level), and the other 
seven input pins (Dp ~ Dg) are analog level inputs, which are 
compared with Vty (see Figure 15(a), (b)). 

“1” or “O” signals appear at internal data bus, if the input 
levels are higher or lower respectively when $007 address is 
read, This function is effective in such case that unusual logic 
level inputs are used. A capacitive touch panel interface and 
a diode isolated keyboard interface are the examples. Figure 
15(c) shows the application of Port D to A/D converter, and 
Figure 15(d) shows 3 levels inputs. 


= BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 16 
illustrates the usefulness of the bit manipulation and test 


oQ 
° 


a 
ey 





Port B Programmed as output(s) driving Darlington base directly. 
(b) 


+V 










oO 
° 


Port C CMOS Inverter 






Q eeeccoee 


_ 


Port C Programmed as output(s) driving CMOS using external pull-up 
resistors. (d) 


Figure 14 Typical Port Connections 
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instructions. Assume that bit 0 of port A is connected to a zero 

crossing detector circuit and that bit 1 of port A is connected to 

the trigger of a TRIAC which power the controlled hardware. 
This program, which uses only seven ROM locations, pro- 


$003 Read 









Internal Bus 
(BitO ~ Bité6) 


$007 Read 


Internai Bus 
(Bit 7) 


$003 Read 


HD6805U1 


vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated to provide turn- 
on at some later time which would permit pulse-width modula- 
tion of the controlled power. 


input Port 


( ) (Do~ De) 


Input Port (D+) 


(a) The logic configuration of Port D 







0, 
Reference Level 
D 
= Analog Input 6 
Port 
D 
Dy 


Analog Input 0 


(b) Seven analog inputs and a reference level input of Port D 


VTH (= 3.5V) 


3 Levels input 6 





Ov ~ 0.8V 


Control Pulse 


Analog Input 6 


Analog Input 0 


(c) Application to A/D convertor 











2.0V ~ 3.3V 











3 Levels Input 0 





(d) Application to 3 levels input 


3.7V ~ Vec 


Figure 15 Configuration and Application of Port D 
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SELF 1 BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 


BCLR 1, PORT A 


Figure 16 Bit Manipulation Example 


® ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. They are explained aid illustrated briefly in the 
following paragraphs. 

@ Immediate 

Refer to Figure 17. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

@ Direct 

Refer to Figure 18. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

@ Extended 

Refer to Figure 19. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

@ Relative 

Refer to Figure 20. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

@ Indexed (No Offset) 

Refer to Figure 21. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and ‘their EA is the contents of the index register. 

@ Indexed (8-bit Offset) 

Refer to Figure 22. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 

@ Indexed (16-bit Offset) 

Refer to Figure 23. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 


@ Bit Set/Ciear 

Refer to Figure 24. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 
@ Bit Test and Branch 

Refer to Figure 25. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register, 
@ Implied 

Refer to Figure 26. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


s INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
@ Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 
@ Read/Modity/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 
@ Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
@ Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
© Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 
@ Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 
@ Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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— SS SS sCo 







Memory 


Index a 






Stack Point 

PROG LDA #$F8 OS5SBE Prog Count 
O5BF 05CO 
cc 


aaa 


ne 


Figure 17 Immediate Addressing Example 


Memory 


CAT FCB 32 004B 





Index Reg 


a= 


Stack Point 


a 


Prog Count 


cc 


heey 


PROG LDA CAT 0520 
052E 


| 


Figure 18 Direct Addressing Example 
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A 
PROG LDA CAT 
Index Reg 
Stack Point 
Prog Count 
cc 





Figure 19 Extended Addressing Example 







EA 
Memory 04C1 
a ; 
1) 4 
Adder 


PROG BEQ PROG2 04A7 
04A8 





A 
Index Reg 
=e Stack Point 
a ae ae 
Prog Count 
04C1 
CC 


Figure 20 Relative Addressing Example 


= 


i] 

Ja 

t 

' 

4 

4 
ee | 
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re FD 6B05U) 


TABL FCC/LI/ 00B8 





i : Stack Point 


proc Loa x osra[ Fe | eee 
bo 


cc 


! ! aa 


| 


Figure 21 Indexed (No Offset) Addressing Example 





Memory 


TABL FCB #BF 0089 
FCB #86 008A 
FCB #D0B 008B 
FCB #CF Q08C 


Stack Point 


ee eel 


Prog Count 


075E 


cc 


aa 


PROG LDA TABL. X 075B 
075C 


y ‘ 
i t 
' ‘ 
i 1 
‘ ' 
‘ t 
Ci 


Figure 22 Indexed (8-Bit Offset) Addressing Example 
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TABL. X 0692 


PROG LDA 
TABL FCB #BF 
FCB #86 
FCB #DB 
FCB #CF 
PORTB EQU 


PROG BCLR 6.PORT B OS58F 
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Memory 


Index Reg 






Stack Point 


0693 
0694 Prog Count 
cc 


Ea 


A 


aes 


Index Reg 


Stack Point 


ae: Eeeeol 


Prog Count 


== : p= 


Figure 24 Bit Set/Clear Addressing Example 
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SS ee OB OOU.) 


—Meriory a 


Adder 


: 


ETA 


PORT C EQU 2 


8B 
| 


index Reg 
0000 


Stack Point 


PROG BRCLR 2.PORTC. PROG 2 0574 
0575 
0576 


Prog Count 
0000 


Oo 
Q 
(o) 


Adder 


i 
— 


Figure 25 Bit Test and Branch Addressing Example 





Memory 


HI 


index Reg 
E5 


Stack Point 
PROG TAX O5BA 97 


| 


O5BB 


—— “st a 


Figure 26 Implied Addressing Example 
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Table 2 Register/Memory Instructions 


Addressing Modes 


y . Indexed Indexed Indexed 
Function Mnemonic Immediate Direct Extended Ne om (8-Bit ae (16-Bit Sina 
Op # # Op | Op Op 
: Code | Bytes | Cycles ra me " oe ae poke a ae re Code i eae Code me ae 





Load A from Memory LDA | as} 2 | 6 











ear 


Load X from Memory | Lox | AE| 2 | 
= es 











6 
StoreAin Memory | STA rs fe [e[e[ofs[? 
Store X in Memory STX | 2 | 6 | OF | 7 
Add Memory to A ADD | 5 | 08 | 6 
Add Memory and 
subtact Menory | sve | ao] 2]? [eo] 2 | Ps joolale 


Awith Borrow 
AND Memory to A 7 cde CE 
OR Memory with A | oRA | AA| 2 | 2 


Exclusive OR Memory 2 
with A 

















nn nm a 
> Nv 











fo2) 


Arithmetic Compare A cmp 6 
with Memory 

Arithmetic Compare X CPX 6 
with Memory 

Bit Test Memory with A BIT 6 
(Logical Compare) 

Jump t Subroutine | ISR Pe [ols [7 fol e fool sys 


Table 3 Read/Modify/Write Instructions 


Addressing Modes 


. : , Indexed Indexed 
ore oe [tron | inet (No Offset) __| _(8-Bit Offset) 
Op # # Op # # Op # # Op # # Op # # 
Code | Bytes | Cycles | Code | Bytes} Cycles| Code| Bytes| Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 


Increment 4c ee 5C la | i4 | 3C | 2/6 | 7c 7 
Desrement | vec jf aal i | a [sata | 4 [sa] 2] 6 jal | 6 foal 2 | 7 
Clear BE et 7F 1) {4 ee. 7 

7 


Complement 


SSesnnon Fcc a ca CCH ’ 
Rotate Left Thru Carry | ROL | 7 
See ata eerl non ae ene [oe om reac [roe cael oa eons esl 
Lovcal suite | iste [1] « [se] +|« [el 2}e[~|1|e[ela|7 
Lene suri [sk [| +[«te[1[«|[m[2[s|[m[r|[e[a|?[7 
a 
Arithmetic Shift Left, | ASL | 178 | 1 | 6 | 68 | 7 
eee te fel eel iel leet te lelD 
ero 
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Table 4 Branch Instructions 


Relative Addressing Mode 


























Function Op # # 
Code Bytes Cycles 

Branch Always BRA a eee ee ee 4 
Branch Never [env do 
Branch IF Higher BHI 22 2 4 
Branch IF Lower or Same BLS 23 2 4 
Branch IF Carry Clear | BOG |e ea 
(Branch IF Higher or Same) | ss (BHS) iT 2 4 
Branch IF Carry Set BCS | as 2 4 
(Branch IF Lower) (BLO) ee ee 4 
Branch IF Not Equal a 4 
Branch IF Equal [ted a a 
Branch IF Half Carry Clear | BHee——C<idL*C“(<;s(tssCd 2 4 
Branch IF Half Carry Set 2 4 
Branch IF Plus BPL 2A 2 4 
Branch IF Minus BM! 2B ee ae: 4 
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4 
Branch IF Interrupt Mask Bit is Set | pms. 2D 2 4 
Branch 1F Interrupt Line is Low BIL 2E 2 4 
Branch {IF Interrupt Line is High BIH 2F 2 4 
Branch to Subroutine BSR AD 2 8 





Table 5 Bit Manipulation Instructions 
Addressing Modes 


Function Bit Soest Bit Test and Branch 


Op # Op # # 
a srs | Orie Cycles — oe Cycles 


Branch IF Bit n is set 10 


Branch IF Bit n is clear ce 10 


Set Bit n | 10+2-n_| _ 


Geer bi Souter [wen [a [7 


Table 6 Control Instructions 


























: os 
ee a ae 
Transfer A to X 2 
Transfer X toA he TXA OF EE 2 
Set Carry Bit SEC 99 aa 2 
Clear Carry Bit CLC | 9B 1 2 
Set Interrupt Mask Bit SEI | 9B 1 2 
Clear Interrupt Mask Bit CLI | 9A 1 2 
Software Interrupt swl 1 11 
Return from Subroutine RTS 81 1 6 
Return from Interrupt RTI 80 1 9 
Reset Stack Pointer RSP 9C 1 2 
No-Operation NOP 9D 1 2 
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Mnemonic 





Table 7 Instruction Set 
Addressing Modes Condition Code 


Indexed Bit Bit 
Imme- ‘ Ex- Re- Indexed | Indexed 
; Direct : (No : P Set/ | Test & Cc 
ete bt ae tN? [oftseey | 1 PS) | MP BS! | Clear_| Branch fame 


Pf ALOT ALATA 
ee eT ee ee Ne ALATA 


~anp | ot x Tx | xe Te xe Te Te fe fatale 
ae eS) ee 





LDX 


Condition Code Symbols: 


| x ea fe es ee ALATA 
a a ea a ee ee a ee ee 
ieee eats (eae eae fe lele |e 


fe fel AlA le 














Bi 
> 





ka 
| 
>| 
> 


Bl 
A 
> 
> 








a ee ENC 


(to be continued) . 


Half Carry (From Bit 3) C Carry Borrow 
| Interrupt Mask /\ _ Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 


Z Zero 
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Table 7 instruction Set 


Addressing Modes Condition Code 








T 
Indexed Bit Bit 
. . Imme- ; Ex- Re- Indexed | Indexed 
Mnemonic | !mplied Direct | (No (8 Bits) | (16 Bits) Set/ | Test&®/H/}IIN{IZIC 


diate tended | lative 


Offset) Clear | Branch 


a ee 


LSR 


Sn G 
NOP 

























































































A 

e 

ora |_| ae ee ole AlAs 

ro. | i ee ae o fe [ATAlA 

ROR x x x x PILALAIA 

i iets 

ioctl eee FE 

t= a [eleletele 

= se a eleleleli 

SEI Sth i= el1;/e;e/;e 

STA i x x x x x cea CS CA 

STX | [x m4 x ie | elelAlAle 

SUB x x x x Sor fe lefalala 

SWI eii1,;e|lej;e 

TAX ee se Crsoiee 
rst | «|| = ee fe feta, 


























see 


A ee ee 


Condition Code Symbols: 
H Half Carry (From Bit 3) 
| Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 


Carry/Borrow 

Test and Set if True, Cleared Otherwise 
Not Affected 

Load CC Register From Stack 


ve>O 
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Table 8 Opcode Map 


| Bit Manipulation |Branch| _—Read/Modity/Write | Controh__— | Reister/Memory | 
[otmch | Geer | refom [| a | x | xa | x0 | me | we [wm | oon Lear | xe | xt | xo | 
Po jt 2 bales le Le Lela La) = |e] mie Pe 
[BRSETO |BSETO | BRA | NEG TIS | suB 
larcuro|scirojern | St | cmp 
lerset: jeseri [ew | | = sec 
BCLR1 | BLS COM | swie | — | CPx 
lerser2 [eset2[ecc | SRT TE AN 
[BAcuR2 |ecuR2|ecs | 
[eRser3 [eseTs [ene | ROR Ce eee <-). eneee 
EQ A 


BRCLR3 | BCLR3 TAX | — | STA(+1) 
BRSET4 | BSET4 | BHCC LSL/ASL 


ROL 
























BPL 


BCLRS | BMI 
BseT6 | BMC 


BIL = ier 
BIH CLR 
2/7 2/4 


(NOTE) 1. Undefined opcodes are marked with “—". 
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a ‘'*”’ require a different number of cycles as follows: 













































RTI 9 
RTS 6 
Swi 11 
BSR 8 
3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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MICU (Microcomputer Unit) 


The HD6805Vi is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, 1/O and HD6805V1P 
timer. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the HD6800- 
based instruction set. 

The following are some of the hardware and software high- 
lights of the MCU. 


HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped t/O 

3848 Bytes of User ROM 

Internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — External and Timer 

24 1/0 Ports + 8 Input Port 

(8 Lines LED Compatible; 7 Voltage Comparator Inputs) 
On-Chip Clock Circuit 

Self-Check Mode - 

Master Reset (DP-40) 
Low Voltage Inhibit 

Complete Development System Support by Evaluation Kit 
5 Vdc Single Supply 


SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and 1/0 
Compatible Instruction Set with MC6805P2 : HD6805V1 


BLOCK DIAGRAM 





= PIN ARRANGEMENT 


XTAL EXTAL RES NUM INT 


TIMER 


Timer 
7 Prescaler jg Counter 
Timer Control 
Accumulator 
8 A 
cPuU 
Index Control 
Register 
8 x 
C) 
P| 



















eee} 


q 
Condition 
Code 
5 Register c 
Stack 
Pointer 
5 


Port 
A 


(Top View) 


Lines 


re] 
>>> > >>>> 


s 





Program 





1 
Port 


«Input 
Lines 


a 
0. /Vry 
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(NOTE) 


ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage (EXCEPT TIMER) 
Input Voltage (TIMER) 
Operating Temperature 








Storage Temperature 


With respect to Vgg (SYSTEM GND) 


Value 

-0.3~ +7.0 
-0.3~ +7.0 
-0.3 ~ +12.0 
0 ~+70 
-55~ +150 





Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 


recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vcec=5.25V + 0.5V, Vsg=GND, Ta=0~+70°C, unless otherwise noted. os 


Test | TestCondition | ndition 


Item 


RE 


n 





Input “High” Voltage INT 





Input “High” Voltage Timer 


All Other 
Timer Mode 


Self-Check Mode 











RES 
INT 


Input ““Low’’ Voltage 
XTAL(Crystal Mode} 


All Other 
Power Dissipation 
Low Voltage Recover 
Low Voltage Inhibit 





TIMER 
Input Leak Current INT 


Nie 


XTAL (Crystal Mode) 





Unit 


sl<l< 


° 
a};a 














<|/<j<j<cj<j<ci<i< 








EES 
>| S/o) <1 < 


@ AC CHARACTERISTICS (Vcec=5.25V + 0.5V, Vss=GND, Ta=0 ~ +70°C, unless otherwise noted.) 
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Item Symbol | Test Condition {| _min_|typ_{ max [Unit 

Clock Frequency fo | 04 | - | 40) MHz 
Cycle Time teye pos ee HS 

Oscillation Frequency (External Resister Mode) fext R cp=15.0k 241% 2.7 4.0 | MHz 
TNT Pulse Width tiwi. ns 
RES Pulse Width tRwi ns 
TIMER Pulse Width ttwe ns 

een : C.=22pF+20%, 
Oscillation Start-up Time (Crystal Mode) tosc Re=6022 max. ms 
Delay Time Reset tRHL External Cap. = 2.2 uF ms 
EXTAL pF 
Input Capacit Cin 

Parone All Other pF 
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@ PORT ELECTRICAL CHARACTERISTICS (V¢c = 5.25V + 0.5V, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 





item Symbol [Test Condiion [min typ [max] Unit 
ar lon=—10WA | 35 | - | - |v 
lon=-100HA_ | 24 | - [| - [vy 
Output “High” Volt = 
p ig oltage Port B Vou lou 200 vA Foo | Vv 
lon = —1 mA P= dy 
lon=100uA| 24 | - | - |v 
Port A and C ig = TOMA. 2) Se | 0a 
Output “Low” Voltage Port B VoL lol =3.2mA ae ee es eS ee Vv 
lon=toma | Oo - | | to 
Vin = 0.8V ee eae ee 
Input Leak Current i [Wn=2v | 300 [| va 
Port B, C, = 
iteaegnt Port D** 
ee 
Threshold Voltage | Port**(00) | Vw | | | 08 xVe¢ | 


* Port D as digital input 
** Port D as analog input 


TTL Equiv. (Port B) 





Test Point 


Vi 


(NOTE) 


TTL Equiv. (Port A and C) 


2.4k2 


iF =1.6mA 
<———___—_ 


Test Point 





1, Load capacitance includes the floating capacitance of thie probe and the jig etc. 


2. All diodes are 1$2074@) or equivalent. . 


Figure 1 Bus Timing Test Loads 


® SIGNAL DESCRIPTION 

The input and output signals for the MCU shown in PIN 
ARRANGEMENT are described in the following paragraphs. 
e Vec and Vss 

Power is supplied to the MCU using these two pins. Voc 
is +5.25V +0.5V. Vog is the ground connection. 
@ INT 

This pin provides the capability for applying an external 
interrupt to the MCU Refer to INTERRUPTS for additional 
information. 
@ XTAL and EXTAL 

These pins provide control input for the on-chip clock 
circuit. A crystal (AT cut, 4 MHz maximum) or a resistor can be 
connected to these pins to provide the internal oscillator with 
varying degrees of stability. Refer to INTERNAL OSCIL- 
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LATOR OPTIONS for recommendations about these inputs. 


@ TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 


e RES 

This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to RESETS for additional information. 


@ NUM 
This pin is not for user application and should be connected 


to ground. 
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@ Input/Output Lines (Ay ~ A7, Bo ~ B;, Cy ~ C7) 

These 24 lines are arranged into three 8-bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 
software control of the data direction registers. Refer to IN- 
PUTS/OUTPUTS for additional information. 


®@ Input Lines (Dy ~ D,) 

These are 8-it input lines, which has two functions. Firstly, 
these become TTL compatible inputs, by reading $003 address. 
The other function of them is 7 Voltage comparators, by read- 
ing $007 address. Please refer to INPUT PORT for more detail. 


7 0 


$000 

























® MEMORY 

The MCU memory is configured as shown in Figure 2. During 
the processing of an interrupt, the contents of the MCU regi- 
sters are pushed onto the stack in the order shown in Figure 3. 
Since the stack pointer decrements during pushes, the low order 
byte (PCL) of the program counter is stacked first; then the 
high order four bits (PCH) are stacked. This ensures that the 
program counter is loaded correctly as the stack pointer in- 
crements when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to 
be pushed onto the stack. 


7 6 5 4 3 2 1 0 
























(0) $000 
pun ae oes 
RAM (128 Bytes) : nbs $001 
e so 
128 
3 Port D (digital) $003** 
4 Port A DDR $004* 
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ROM 
(3840 Bytes) 6 Port C DOR $006" 
7 Port D (analog) $007** 
: sn 
9 Timer CTRL Reg. $009 
3967 
3968 10 $00A 
saiecont Not Used (22 Bytes) 
4087 31 $01F 
40: 32 
$020 
intertupt sa a 
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Figure 2 MCU Memory Configuration 
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Figure 3 Interrupt Stacking Order 
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= REGISTERS 

The MCU has five registers available to the programmer. 
They are shown in Figure 4 and are explained in the following 
paragraphs. 

@ Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

@ Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area, 

@ Program Counter (PC) 

The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 
@ Stack Pointer (SP) 

The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 0000011. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allows the programmer to use up 
to 15 levels of subroutine calls. 
® Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 

@ Half Carry (H) 
Used during arithmetic operations (ADD and ADC) to 
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indicate that a carry occurred between bits 3 and 4. 
@ Interrupt (1) 

This bit is set to mask the timer and external interrupt (INT). 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt. bit is reset. 

@ Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 

@ Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
@ Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


m TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter is loaded under program control and counts down to- 
ward zero as soon as the clock input is applied. When the timer 
reaches zero the timer interrupt request bit (bit 7) in the timer 
control register is set. The MCU responds to this interrupt by 
saving the present MCU state in the stack, fetching the timer 
interrupt vector from locations $FF8 and $FF9 and executing 
the interrupt routine. The timer interrupt can be masked by 
setting the timer interrupt mask bit (bit 6) in the time control 
register. The interrupt bit (I bit) in the condition code register 
will also prevent a timer interrupt from being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal ¢, 
signal. Note that when the @, signal is used as the source it can 
be gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. The 
source of the clock input is one of the options that has to be 
specified before manufacture of the MCU. A prescaler option 
can be applied to the clock input that extends the timing 
interval up to a maximum of 128 counts before being applied to 












2° 2’ 


Timer 
Interrupt Req. 
Timer 
Interrupt Mask 






Timer 
Contro! Register 


Figure 5 Timer Block Diagram 
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the counter. This prescaling option must also be specified before 
manufacturing begins. The timer continues to count past zero 
and its present count can be monitored at any time by monitor- 
ing the timer data register. This allows a program to determine 
the length of time since a timer interrupt has occured and not 
disturb the counting process. 

The Timer Data Register is 8-bit Read/Write Register with 
address $008 on Memory-Map. This Timer Data Register and 
the prescaler are initialize with all logical ones at Reset time. 

The Timer Interrupt Request bit (bit 7 of Timer Control 
Register) is set to one by hardware when timer count reaches 
zero, and is cleared by program or by hardware reset. The bit 6 
of Timer Control Register is writable by program. Both of those 
bits can be read by MPU. 






8 | TIMER 
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Reset 
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= SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 6 and monitor the output of port C bit 3 for 
an oscillation of approximately three hertz. 


s RESETS 

The MCU can be reset three ways: by initial powerup, by 
the external reset input (RES) and by an internal low voltage 
detect circuit, (mask option) see Figure 7. All the I/O port are 
initialized to Input mode (DDR’s are cleared) during RESET. 

Upon power up, a minimum of 100 milliseconds is needed 
before allowing the reset input to go “High’’. 

This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input as shown in Figure 8 
will provide sufficient delay. 


> > 


nw 2 w 


r> > > > YP > 
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* Refer to Figure 9 about crystal option 


Figure 6 Self Check Connections 


“DIP” inPower 





Figure 7 Power Up and RES Timing 
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# INTERNAL OSCILLATOR OPTIONS 5 
The internal oscillator circuit has been designed to require a 
minimum of external components. The use of a crystal (AT cut, 
ah 4 MHz max) or a resistor is sufficient to drive the internal 
oscillator with varying degrees of stability. A manufacturing 
mask option is available to provide better matching between 
the external components and the internal oscillator. The differ- 
ent connection methods are shown in Figure 9. Crystal specifi- 
cations are given in Figure 10. A resistor selection graph is given 
in Figure 11. 
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Figure 8 Power Up Reset Delay Circuit 
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Figure 9 Internal Oscillator Options 
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Figure 10 Crystal Parameters 
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Figure 11 Typical Resistor Selection Graph 
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Figure 13 Typical Port 1/O Circuitry 
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8 INTERRUPTS 

The MCU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- 
rupt request, and a software interrupt instruction (SWI). When 
any interrupt occurs, processing is suspended, the present MCU 
state is pushed onto the stack, the interrupt bit (I) in the condi- 
tion code register is set, the address of the interrupt routine is 
obtained from the appropriate interrupt vector address, and the 
interrupt routine is executed. The interrupt service routines 
normally end with a return from interrupt (RTI) instruction 
which allows the MCU to resume processing of the program 
prior to the interrupt. Table 1 provides a listing of the inter- 
rupts, their priority, and the vector address that contain the 
starting address of the appropriate interrupt routine. 

A flowchart of the interrupt processing sequence is given 
in Fig. 12. 


Table 1 Interrupt Priorities 















Vector Address 
$FFE and $FFF 
$FFC and $FFD 
$FFA and $FFB 
$FF8 and $FF9 





Interrupt 







@ INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the data 
direction registers. When programmed as outputs, all 1/O pins 
read latched output data regardless of the logic level at the 


output pin due to output loading (see Fig. 13). When port B is, 
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Port A 
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Port A Programmed as output(s) driving CMOS and TTL Load directly. 
(a) 
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Port B 


10 mA max 






oO 
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Port B Programmed as output(s) driving LED(s) directly. 
(c) 


Port B 
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programmed for outputs, it is capable of sinking 10 millamperes 
on each pin (Voz = 1V max). All input/output lines are TTL 
compatible as both inputs and outputs. Port A lines are CMOS 
compatible as outputs while port B and C lines are CMOS com- 
patible as inputs. Figure 14 provides some examples of port 
connections. 


8 INPUT 

Port D is 8-bit input port, which has two functions. One of 
them is usual digital signal input port and the other is voltage 
compare type input port. In the former case, the input data 
can be read by MPU at $003 address. In the latter case, D, 
(pin 17) is the input pin of Vy (reference level), and the other 
seven input pins (Dp ~ Dg) are analog level inputs, which are 
compared with Vy (see Figure 15(a), (b)). 

“1” or “O” signals appear at internal data bus, if the input 
levels are higher or lower respectively when $007 address is 
read. This function is effective in such case that unusual logic 
level inputs are used. A capacitive touch panel interface and 
a diode isolated keyboard interface are the examples. Figure 
15(c) shows the application of Port D to A/D converter, and 
Figure 15(d) shows 3 levels inputs. 


s BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 16 
illustrates the usefulness of the bit manipulation and test 
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Port B Programmed as output(s) driving Darlington base directly. 
(b) 


+V 
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Port C CMOS Inverter 
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Port C Programmed as output(s) driving CMOS using external pull-up 
resistors. (d) 


Figure 14 Typical Port Connections 
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instructions. Assume that bit 0 of port A is connected to a zero 

crossing detector circuit and that bit 1 of port A is connected to 

the trigger of a TRIAC which power the controlled hardware. 
This program, which uses only seven ROM locations, pro- 


$003 Read 


eee 
ae C 








Internal Bus 
(BitO ~ Bit6) 


Internal Bus 
(Bit 7) 


Reference Level 


Analog tnput 6 





2.0V ~ 3.3V 


D, 
Vru (= 3.5V) 
D, 
3 Levels Input 6 
Port 
D 
Do 


3 Levels Input 0 


(d) Application to 3 levels input 





vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated to provide turn- 
on at some later time which would permit pulse-width modula- 
tion of the controlled power. 


Input Port 
() 'Po~ De) 


Input Port (D7) 


Control Pulse 


Analog Input 6 


D, 


Analog Input 0 


(c) Application to A/D convertor 





Figure 15 Configuration and Application of Port D 


184 @ HITACHI 


SELF 1 BRCLR 0, PORT A, SELF 1 
BSET 1, PORTA 


BCLR 1, PORT A 


Figure 16 Bit Manipulation Example 


= ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

@ Immediate 

Refer to Figure 17. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

@ Direct 

Refer to Figure 18. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

@ Extended 

Refer to Figure 19. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

@ Relative 

Refer to Figure 20. The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

@ Indexed (No Offset) 

Refer to Figure 21. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

@ Indexed (8-bit Offset) 

Refer to Figure 22. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 
®@ Indexed (16-bit Offset) 

Refer to Figure 23. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 
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@ Bit Set/Clear 

Refer to Figure 24. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 
@ Bit Test and Branch 

Refer to Figure 25. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 
@ Implied 

Refer to Figure 26. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


® INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
@ Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand. Refer to Table 2. 
@ Read/Modity/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
3. 
@ Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 4. 
@ Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 5. 
@ Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 6. 
e@ Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 7. 
@ Opcode Map 

Table 8 is an opcode map for the instructions used on the 
MCU. 
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Figure 17 Immediate Addressing Example 
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Figure 18 Direct Addressing Example 
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Figure 20 Relative Addressing Example 
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TABL FCC /LI/00B8 


PROG LDA X O5F4 


TABL 


188 


FCB 
FCB 
FCB 
FCB 


#BF 
#86 
#DB 
# CF 





! ; Stack Point 
ae Prog Count 
aaa: cc 


! ! Cc 


a | 
Figure 21 Indexed (No Offset) Addressing Example 
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Figure 22 Indexed (8-Bit Offset) Addressing Example 
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Memory 


Index Reg 


Stack Point 


0693 
0694 Prog Count 
0695 , 
cc 


FCB #86 8 ©60O77F 
FCB #DB = 0780 
FCB #CF 0781 


Figure 23 indexed (16-Bit Offset) Addressing Example 
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Figure 24 Bit Set/Clear Addressing Example 
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PORT C EQU 2 


PROG BRCLR 2. PORT C. PROG 2 


PROG TAX O5BA 
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Figure 25 Bit Test and Branch Addressing Example 
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Table 2 Register/Memory Instructions 


Addressing Modes 


F ; M : | di Di Extended Indexed Indexed Indexed 
unction InNemonic mmediate irect x (No Offset) (8-Bit Offset) (16-Bit Offset) 





















































Arithmetic Compare X 
with Memory 


Bit Test Memory with A 
(Logical Compare) 


Jump Unconditiona! JMP 

















Op # # Op # # Op # # Op # # Op # # Op # # 
; Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 
Load AfromMemory | Loa | ae{ 2 | 2 | ae | 2 | 4 | ceo | jee | 2{ 5 |oe| 3] 6 
Load X from Memory | LOX ac] 2/2 [se | 2 | 4 | ce] 1 ce | 2/5 |ve| 3 | 6 
Store A in Memory Sta ee at a Be weer 3 |. Fz | i | 8 Ler | 2 le [on | 39 
i ? - - FF 5 EF 2 6 DF 3 7 
Store X in Memory STX | - | BF CF 3 6 1 
padtionaywA | Ao Ae] EL a peepee epee ep e] a] sep as 
Rad Memony:and ADC s |ro| 1} 4 /eo | 2} 5 |o9!] 3 | 6 
Carry toA 
atescinenay | we | ol? |2lol[e[«lolsls|[~|1[«[ala{s loll 
Subtract Memory from co2| 3 | 5 |rF2}/ 1 {| 4 |e2] 2/5 |o2] 3} 6 
A with Borrow 
Exclusive OF Memory BB | 2 cs | 3 | 5 | Fa] 1 | 4 | ea] 2 os} 3 | 6 
with A 
Arithmetic Compare A C1 D1 3 6 
with Memory 
pox tle 
me 
| 3 | cc | 
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ele felele 
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Jump to Subroutine 


Table 3 Read/Modify/Write Instructions 


Addressing Modes 


Indexed Indexed 
(No Offset) (8-Bit Offset) 


| 
Code | Bytes | Cycles | Code | Bytes| Cycles; Code] Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 
Inerement Linc | ac} 1 | 4 [sc] i [| 4 [acl] 2} 6 [rl i | 6 [ec | 2] 7 
Decrement pec | aa] 1 | 4 foals | 4 | al 2 | 6 [mls | 6 [eal 2 | 7 
Clear con [are] + | o4 [or | 1 | a [oe] 2 | 6 |] | 6 for] 2 | 7 
Complement | com [43 [i [4 [ss [is [4 |] 2f ie | fi | s jes] 2 | 7 


Negate 
Ce ec 


Rotate Left Thruery | ROL | 49 | 1 | 4 | 89 {1 | 4 | 3a] 2/ 6 | | 1 { 6 [eo | 2 | 

Rotate Right Thrucarry| ROR | 46 | 1 | 4 | 56 | 1 | 4 | 36] 2 | 6 | 76 / 1 | 6 | 66 | 2 | 

Logical Shift Lett | isc | 48 | 1 | 4 | | 4 | 

Logical Shift Right | LsR | 44] 1 | 4 | 

Arithmetic Shift Right aa ee 
me 


Function Mnemonic Implied (A) Implied (X) Direct 
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Arithmetic Shift Left | ASL | 48 | 
Test for Negative or 
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Function 


Branch Always 
Branch Never 
Branch IF Higher 


Table 4 Branch Instructions 


Branch {F Lower or Same 


Branch IF Carry Clear 


(Branch IF Higher or Same) 


Branch IF Carry Set 
(Branch IF Lower) 
Branch IF Not Equal 
Branch IF Equal 


Branch IF Half Carry Clear 
Branch IF Half Carry Set 


Branch IF Plus 
Branch IF Minus 


Branch IF Interrupt Mask Bit is Clear 
Branch IF Interrupt Mask Bit is Set 
Branch IF Interrupt Line is Low 
Branch IF Interrupt Line is High 


Branch to Subroutine 


Function 


Branch IF Bit n is set 
Branch IF Bit n is clear 
Set Bit n 

Clear bit n 


Function 


Transfer A to X 
Transfer X toA 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 
Clear interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 


Return from Interrupt 


192 


Reset Stack Pointer 
No-Operation 


Relative Addressing Mode 


Mnemonic 


Op # 
Code Bytes 
BRA ae ea a eet 
BHI me mee ae ee 
eee eee ee ee ee 


BCC 


OpPPl| HP HH HLH SHH HP HLH LH [HLH LHRH 


BCS 


(BLO) 
BNE | | 
BEQ ar es ee ee 
BHCC 





Table 5 Bit Manipulation Instructions 





Addressing Modes 


Bit sae 


# 
Cycles 


4 


Bit Test sr Branch 





Op Op 
a ace = =a = me 


Table 6 Control Instructions 


ee 
Mnemonic 














ae 
ae = on 
SEI 9B 1 
= eRe ee a a 
Swi 83 1 
ars 
RTI 80 1 

ce RSP 9C 1 
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Table 7 Instruction Set 
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Condition Code Symbols: 
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i Interrupt Mask 
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Z Zero 


Half Carry (From Bit 3) 


Negative (Sign Bit) 
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Carry Borrow 
A Test and Set if True, Cleared Otherwise 
Not Affected 
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Condition Code 

Mnemonic Indexed Bit Bit 
a oma [ie sas] [Sa 
Cele a en a ae Ee ee a 
a | fT x | x | xh] CU ee Te Te [Atala 
ano | | x | x | le TCT xe Te Te Te fo [ale 
as. | x | Px | « | ff felelalala 
ask | x | | « | | ft xe fT xe | ee fe Fa ata 
BOG 5 ne Re pele, heer te 
peur | | | | { [| [| {| [x T{ dJelelele ie 
_es {| [| | ~ [Tx] ff [| J | Jeltelele [eo 
BEQ) i a ee ee ae fee 
pHec {| {| | [| [xf { [| | J Jelfelelele 
BHCS ae a ae i ee ee eee ee eee 
Tr ss OD QO (OS 
BHS a ns 
BIH Hf 4} fF ff 24 ele le 
BIL ae «| {| | [| Jelelele |e 
pt {| dE xe Tle | xe |e Tw Te fe fe JAA fe 
BOOT ie eect Ec Ne ee le h 2 ohp@e) w [Ne ile 
BLS a ee ee 
pwc | | CT Ce feo fo fe fo 
__BMI ee ee ee ee ee 
BMS ae es ee ee ee ee 
BNE Se te Mell ee dN eS Le lelelele 
BPL $$$ a HY ° 
pea | | x | fe lelele le 
pen, tT Ee fe fe fe fe fo 
BRCLA | | x felelele [A 
BRSET. lho | x je lelelein 
BSET ee ee ae ee | | x | fe [ole le lo 
pr | | | xe | feo fe fe fo 
Te Me Soe Rs en a: Ee ee Ee 
CL a amen a a ee ee ee ee ee eee ee 
CLR ae as ee ee ee ee ee 
cmp [UT xk tT xe | xe TE xe Te Te Te fe fata ta 
com | x | ot « | of | « | x | ff fefefalats 
CPX ee ALAA 
pec | x | | ee eee es ee ee 
cor | | «|x jx ||» |» |». | |  lele[Alale 
IMP a ee I ° 
i ns 
LDA i 
LOX _fxt.] |x ]«)]* | | Jelelafate 


(to be continued) 
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Table 7 instruction Set 


Addressing Modes 

















Condition Code 


Indexed Bit Bit 
moe i oe | [| 
iN es ae oe en ee re fe [ATATA 
use| 7 er eens pa oe ee abe nes IA 
NEG ea RO OALA LA 
ay Sa Ra a ana A a (ne Se ees Pees ° 
ORA x | «| x | of «x | « tT « TT feltelalale 
rou | a Se CCNY 
ron] x [| | x] | | | | 1 | _fefefatata 
RSP ee ee 
a pe a eG ee ee . 
SBC xt xt x | fx Px« | « | 7 felelalata 
elma a sa (PR eee a Ee 
SEI x ees ee ee ee ee 
STA x | x p x [ « | « | JT jelelatate 
STX xt x7 of xe fT «x | « | | fefelalale 
SUB x {| x | x eae ee ee ee Ce 
Swi x ee a ee a a ee ee ee Ea 
TAX x -—} —_} ++} —_}___} _}__te resets. ° 
an a ee ee ee ee ee Oe 
Te a ee ie We ee ee es se eee Le 


Condition Code Symbols: 
H 
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Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 


ve>o 


Carry/Borrow 

Test and Set if True, Cleared Otherwise 
Not Affected 

Load CC Register From Stack 
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Table 8 Opcode Map 






Read/Modify/Write Control Register/Memory 





Branch 





Bit Manipulation 


0 RT1* | — | SUB 0 
1a a 
aleneiaa| scream = ee es ox 
4{erset2 |pset2 [ecco | ous  f[- {|- {| and | 
s{ancune acura tses_[ se =  } or 
aera eee (ane eee 
7/erRcur3 |ecur3[Bea [ = ss ASR wSC™—“<~TC Sd tax | Kh TSTAG 
8 | BRSET4 | BSET4 ee es oe am 
C!|BRSETS6 | BSET6 | BMC INC - aM 1) 
ofancans acumen = 2 esas Ta 
IBASETT:) BSET? VEIL. .| ee ee ee ee | 
rfaneue [ecury [ewe [ea a | sce 
iano (ar | oa oe ae Lae ier moth ae awe] ee 


(NOTE) 1. Undefined opcodes are marked with “—". 
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a ‘’*"’ require a different number of cycles as follows: 











Zor 























i 


9 
RTS 6 
swl 11 
BSR 8 
3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805WO 
MCU (Microcomputer Unit) 


The HD6805W0 is an 8-bit microcomputer unit (MCU) 
which contains a CPU, on-chip clock, ROM, RAM, standby HD6805woP 
RAM, A/D Converter, I/O and two timers. This MCU is a mem- 
ber of the HD6805 family but compared with HD6805S, it is a 
single-chip microcomputer with strengthened internal functions 
of standby RAM, A/D Converter, timers and I/O. 

The following are some of the hardware and software high- 
lights of the MCU. 


@ HARDWARE FEATURES 
@ 8-Bit Architecture 








@ 96 Bytes of RAM 
(8 bytes are standby RAM functions) 
@ Memory Mapped t/O (DP-40) 
@ 3834 Bytes of User ROM 
@ Internal 8-Bit Timer (Timer 1) with 7-Bit Prescaler 
@ Internal 8-Bit Programmable Timer (Timer 2) 8 PIN ARRANGEMENT 
@ Interrupts — 2 External and 4 Timers 
@ 23 TTL/CMOS compatible 1/O Lines; 8 Lines LED Direct 
Drive 
@ 8-Bit, 4-channel Internal A/D Converter A, 
@ Internal Clock Circuit As 
@ Self-Check Mode As 
@ Master Reset As 
@ Low Voltage Inhibit As 
@ Complete Development System Support by Evaluation Kit Aa 
®@ 5 Vdc Single Supply o 
Ao 
= SOFTWARE FEATURES HD6805WO . 
@ Similar to HD6800 Bs 
@ Byte Efficient Instruction Set By 
@ Easy to Program Bs 
@ True Bit Manipulation B; 
@ Bit Test and Branch Instructions By 
@ Versatile Interrupt Handing Bo 
@ Powerful Indexed Addressing for Tables AVcc 
@ Full Set of Conditional Branches AVss 
@ Memory Usable as Registers/F lags VRH/Ds 
@ Single Instruction Memory Examine/Change Vec Standby 
@ 10 Powerful Addressing Modes ; 
@ All Addressing Modes Apply to ROM, RAM and 1/O (Top View) 
@ Compatible with MC6805P2, HD6805S1 and HD6805V 1 
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@ BLOCK DIAGRAM 


TIMER 






Prescaler 2 
Prescaler Control 
g Register 2 


TIMER-1 


7 


Timer Control Register 1 


Timer Data 
g Register 2 


(OC) 


Output Compare 
8 Register 


Input Capture 


Timer Control 
g Register 2 


PortA 
1/0 Lines 


Timer ra 
g Status Register 2 a 


Port A Register 


i<j 
2 
5 
g 
—_ 
a8 
oe 
ac 





RES 


Timer Data 
Register 1 


fi 


Oscillator 









Accumulator 


8 A : 
CPU Control 


Index Register 


8 X 






Condition Code 
Register 
5 cc 





Stack Point 
6 sP 


Program Counter 
bd © | i gh ” 
4 PCH 
Program Counter 
gi bow PCL 


ALU 
3834 X 8 96X8 
ROM RAM 


Self Check 
ROM {RAME) Vcc Standby 


XTAL EXTAL (RAME) NUM _ INT, 








2 
o 
v 


Miscellaneous 
g Register 


c 
£ 
o 
*) 
= 
(a) 
© 
£ 
© 
a 


Register 


Port B Register 


Data Direction 


Port C Register 


Port 


ADC 


A/D Control 
Status Register 
8 


A/D Result 
Register 
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Port B 
1/0 Lines 


Port C 
1/O Lines 


Cs (IC) 
C. (OC) 


Port D 
Input Lines 


Do (INT) 
D, (ANo) 
D, (AN,) 
Ds (AN,) 
D, (AN;3) 
Ds (VRH) 


ADC Lines 
AVcc 
AVss 
(VRH) 
(ANo) 
(AN;) 
(AN3) 
(AN3) 


(NOTE) The contents of ( ) items can be changed by software. 
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= ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage Vee v 
Input Voltage (EXCEPT TIMER) e Vv 
Input Voltage (TIMER) i Vv 
Operating Temperature °C 


(NOTE) This device has an input protection circuit for high quiescent voltage and field, however, be careful not 
to impress a high input voltage than the insulation maximum value to the high input impedance circuit. 
To insure normal operation, the following are recommended for Vj, and Vout: 
Vss S (Vin or Vout) S$ Vec 


™ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.25V +0.5V, Vsg = GND, Ta = 0 ~+70°C, unless otherwise noted.) 


Item | Symbol_| _TestCondition | _min_| typ_| max | Unit 


Sa (a a COG EO 
eee eevee 

| ema =a 

id ati Oe Scarce 
Vv 


(except XTAL) 

Power Bitpation ie nen ee Ra eT 
Low Voltage Recover LVR ae ae ee 4.75 Vv 

Low Voltage Inhibit a aaa eae (ne oe ee 
P20 | - [20 | HA 

Input Leak Current te Vin=0.4V ~Veec -0 | — | 50 | wA 
XTAL(Crystal Mode) 
Nonoperation Time | Vass [| Sd Ve | 
[Operation Time | Ves | SSSSid CAB | =| Vee | 
TNonoperaion Time | toss | Vess=40v (| - [- | 3_ 













Standby Voltage 






Standby Current 


@ AC CHARACTERISTICS (Vcc = 5.25V +0.5V, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 




















Item Symbol_| _TestCondition __|_min_| typ | max | Unit 
ae es A eT 
Cycle Time | tye | | | ~ | 10 ss 
Oscillation Frequency (External Resister Mode) Rep=15.0k2+1% 2.7 — 4.0 | MHz 
TNT Pulse Width ‘yer | — | — | ns 
RES Pulse Width trw oe P- | - | ns 
TIMER Pulse Width trwe, pi ar) wee ns 

ees : : C.=22pF+20% = _ 
Oscillation Start-up Time (Crystal Mode) tosc Rg=602 max. 100 ms 
Delay Time Reset tRHL External Cap. = 2.2 uF | 100 | ~ | = | ms 
EXTAL 
ae ore 2 a ee ase de | OBL pe 
All Other =f [or 
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© PORT ELECTRICAL CHARACTERISTICS (Vcc = 5.25V +0.5V, Vsg = GND, Ta = 0 ~ +70°C, unless otherwise noted.) 


| Symbol__| TestCondition | _min__| typ | max _| Unit 


Item 

































































Pow =-t0wa fas [= P= Tv 
2.4 = v 
Output “High” Voltage 2.4 - - Vv 
H=-1mA 1.5 | _ - Vv 
4 =-100 nA 2.4 er ill: ee. oe 
Ports A and C L=1.6mA _ — 0.5 Vv 
Output “Low” Voltage L=3.2mA == = 0.5 Vv 
L=10mA - - 1.0 Vv 
Input ‘High’ Voltage Ports A, B,C Vin _ Vec Vv 
Input “Low” Voltage Vie - 0.8 Vv 
ES - | wA 
Input Leak Current 7 je vA 
=~ [30 [ua 





@ A/D CONVERTER ELECTRICAL CHARACTERISTICS (Vee =5.25V+40.5V, Vsg = AVss = GMD, Ta = 0 ~ +70°C, unless 
otherwise noted.) 














fem eee 
Analog Power Supply 
Voltage — 5.75 Vv 
Analog Input Voltage Ap V 
Reference Voltage 4.78V & Voc £5.25V p40 | - | Vee [oe 
5.25V < Voc $5.75V eee 5.25 Vv 
Analog Multiplexer Input 
Capacitance 15 pF 
Resolution Power — Bit 
Conversion Time ar 76 teve 
Input Channels ea (er eee a Channet 
Off-channel Leak Current eal and me ges Ta= 28°C, nA 
in 
= = = ° 
Off-channel Leak Current — Ate a er nese ec) nA 
in 
© HITACHI 199 


HD6805WO 


TTL Equiv. (Port B) 





Test Point 





TTL Equiv. (Ports A, C and D) 
Vec 


2.4k2 


I; =1.6mA 





Test Point 


(NOTE) 1. Load capacitance includes the floating capacitance of the probe and the jig etc. 
2. All diodes are 1$2074@) or equivalent. 


Figure 1 Bus Timing Test Loads 


® SIGNAL DESCRIPTION 
The input and output signals for the MCU shown in PIN 
ARRANGEMENT are described in the following paragraphs. 


@ Vcc and Vss 
Voltage is supplied to the MCU using these two pins. Vcc is 
5.25V +0.5V. Vgg is the ground connection. 


e INT,/INT, 

This pin provides the capability for applying an external 
interrupt to the MCU. Refer to INTERRUPTS for additional 
information. 


@ XTAL and EXTAL 

These pins provide control input for the on-chip clock cir- 
cuit. A crystal (AT cut, 4MHz maximum) or a resistor can be 
connected to these pins to provide the internal oscillator with 
varying degrees of stability. Refer to INTERNAL OSCILLA- 
TOR OPTIONS for recommendations about these inputs. 


@ TIMER 

This pin allows an external input to be used to count for the 
internal timer circuitry. Refer to TIMER for additional infor- 
mation about the timer circuitry. 


@ RES 

This pin allows resetting of the MCU at times other than the 
automatic resetting capability already in the MCU. Refer to 
RESETS for additional information. 


@ NUM 
This pin is not for user application and should be connected 
to ground. 


@ 1/O Lines (Ao ~A,,Bo ~B7,Co ~ Ce.) 

There 23 lines are arranged as three ports (A, B and C). All 
lines are programmable as I/O under software control of the 
data direction registers. Refer to the section on INPUTS/ 
OUTPUTS for details. 


@ Input Lines (Dy ~ Ds) 
Since the input for these 6 lines is TTL compatible, $003 
address is read and they become Port D function. 


® Voc Standby 
When source voltage Vcc is down, source voltage SV +5% is 
impressed to this pin to maintain standby RAM. The content 
of the low order 8 bytes are maintained when source voltage 
is off (3 mA max.). The circuit in Figure 2 is an example of a 
circuit for maintaining Vcc standby voltage when source volt- 
age is off. To maintain the RAM contents when source voltage 
is off, the following hardware and software procedures are 
necessary. 
(1) Software 
+ Write “0” into the RAM enable bit (RAME). RAME is 
bit 6 of the RAM control register location $01F. Since 
this operation disables the RAM standby part, contents 
are present with power source off. 
* Maintain Vcc standby voltage above Vgpp (min.). 
(2) Hardware 
+ Set RAME pin to “O” before setting Voc to off. 
+ Maintain Vcc standby voltage above Vgpp (main). 
When standby RAM is not needed, standby is connected to 


Vee: 


Voc Standby Power Line 


tr 


Figure 2 Battery Backup for Vcc Standby 


@ RAME a: 

This pin, like RES, is for the external control of standby 
RAM. 

After power up, RAME is set to “0” and Vcc is set off. 
Since RAM is disabled, the RAM contents are maintained. The 
same type of function as this can be realized by software by 
setting the RAM control register ($01F) RAME (bit 6) to “0”. 
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© AVcc 
This pin is used for the power supply of the A/D converter. 
When high accuracy is requested, a different power source than 
Voc is impressed as 
AVcc =5.25+0.5V 
Connect to Vcc for all other cases. 


@ ANo ~ AN3 

This pin is used for A/D converter analog input. An analog 
signal is used for input during measure. These signals are switch- 
ed by the internal multiplexer and the analog input selection 
uses bit 0 through bit 1 of the A/D control status register 
(ADCSR: $00E). 


® Very and AVss 
The input terminal reference voltage for the A/D converter is 
“High” (Vp) or “Low” (AVgg). AVsgs is fixed at OV. 


@ Input Capture (1C) 

The timer data register ($01C) contents are managed by 
input capture register ($Q1E) due to the positive or negative 
edge of this pin. 

Specification of the positive or negative edge is set by bit -] 
of the timer control register 2 ($01B). The specification is for 


7 1°) 
1/0 Ports 
Timer 
RAM 
(96 B) 


ROM 
(3834 B) 


031 
032 





127 
128 


3961 


3962 
Self-test ROM (1208) 
4081 


4082 


interrupt Vectors 


4095 


HD6805WO 
positive edge when bit 1 is ‘‘1” and for the negative edge when 
bit 1 is set to “O”. In this case, the DDR of port Cs is set to 
<Q”. 


@ Output Compare (OC) 

When the output compare register ($01D) and timer data 
register 2 ($01C) contents are the same, this pin is used for data 
output. 

Data desired for output is specified by bit 0 of timer control 
register 2 ($01B). When bit 0 is “1”, OC pin output is “1” and 
when bit 0 is “0”, OC pin output is “O”. In this case, DDR of 
port Cg is set to “1”. 


® MEMORY 

The MCU memory is configured as shown in Figure 3. During 
the interrupt processing, the contents of the MCU registers are 
pushed onto the stack in the order shown in Figure 4. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 
order three bits (PCH) are stacked. This ensures that the pro- 
gram counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only the program counter (PCH, PCL) contents to be pushed 
onto the stack. 


Ppt 
eT ee 
= 


Timer Data Reg. 1 $008 


Timer CTRL Reg. 1 $009 
Miscellaneous Reg. S$OOA 


A/D CTRL Status Reg. SOOE 


A/D Result Reg. S$OOF** 
$010 
$011 
$012 
$013 
$014 
$015 


Prescaler CTRL Reg. 2 $019 


Timer CTRL Reg. 2 $018 
Timer Data Reg. 2 $O1C 


Input Capture Reg. SO1E** 
RAM Control Reg. SO1F 
































*Write Reg. 
**Read Reg. 
***Standby RAM uses first 8 bytes of RAM 


Figure 3 MCU Memory Structure 
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5 4 3 2 1 0 Pull 
141 Condition 
Code Register 
Index Register 
cae a aie 
Push 


* For subroutine calls, only PCH and PCL are stacked 






n+1 







nt+2 


nt+3 


n+4 


n+5 


Figure 4 Interrupt Stacking Order 


= REGISTERS 
The MCU has five registers available to the programmer, 
as shown in Figure 5 and explained below. 


~ 
(fo) 


Accumulator 


~N 
°o 


Index Register 


: 
[=] 


P Program Counter 


, 


= 


1 


o>) 
oa 
oO 


Stack Pointer 


Dang 


—. Carry/Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 


Figure 5 Programming Mode! 


Condition Code Register 


a 


@ Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 


@ Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode and contains an 8-bit address that may be 
added to an offset value to create an effective address. The 
index register can also be used for limited calculations or data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 


@ Program Counter (PC) 
The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 
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@ Stack Pointer (SP) 

The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented while data is being 
pulled.from the stack. The six most significant bits of the stack 
pointer are permanently set to 000001. During an MCU reset 
or reset stack pointer (RSP) instruction, the stack pointer is 
set to location $07F. Subroutines and interrupts may be nested 
down to location $041 which allows the programmer to use up 
to 31 levels of subroutine calls. 


@ Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained below. 


@ Half Carry (H) 
The half carry bit is used during arithmetic operations (ADD 
or ADC) to indicate that a carry occurred between bits 3 and 4. 


@ Interrupt (1) 

This bit is set to mask everything. If an interrupt occurs 
while this bit is set, it is latched and will be processed as soon as 
the interrupt bit is reset. 


@ Negative (N) 

The negative bit is used to indicate that the result of the last 
arithmetic, logical or data manipulation was negative (bit 7 in 
a result equal to a logical one). 


®@ Zero (Z) 
Zero is used to indicate that the result of the last arithmetic, 
logical or data manipulation was zero. 


@ Carry/Borrow (C) 

Carry/borrow is used to indicate that a carry or borrow out 
of the arithmetic logic unit (ALU) occurred during the last 
arithmetic operation. This bit is also affected during bit test and 
branch instructions, shifts and rotates. 


= TIMER 1 

The MCU timer circuitry is shown in Figure 6. The 8-bit 
counter is loaded under program control and counts down 
toward zero as soon as the clock input is applied. When the 
timer data register 1 (TDR1) reaches zero, the timer interrupt 
request bit (bit 7) in the timer control register 1 is set. The 
MCU responds to this interrupt by saving the present MCU 
state in the stack, fetching the timer 1 interrupt vector from 
locations $FF8 and $FF9 and executing the interrupt routine. 
The timer 1 interrupt can be masked by setting the timer 
interrupt mask bit (bit 6) in the timer control register 1. The 
interrupt bit (I bit) in the condition code register will also 
prevent a timer | interrupt from being processed. 

The clock input to the timer 1 can be from an external 
source applied to the TIMER input pin or it can be the internal 
@2 signal. Note that when @, is used as the source, it can be 
gated by an input applied to the TIMER input pin allowing the 
user to easily perform pulse-width measurements. The timer 1 
continues to count past zero and its present count can be 
monitored at any time by monitoring the timer data register 1. 
This allows a program to determine the length of time since a 
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timer interrupt has occurred and not disturb the counting pro- cleared and the timer 1 interrupt request mask bit (bit 6) is 
cess. set. To erase the timer 1 interrupt bit, “0” is written into TIF 
At power up or reset, the prescaler and counter are initialized by software. 


with all logical ones; the timer 1 interrupt request bit (bit 7) is 








(Internal Clock) 
o2 


TIMER Input Pin 


Timer Data Register 1 (TDR1: $008) 


Write Read 






Time Out 


Figure 6 Timer Clock 


© Timer Control Register 1 (TCR1: $009) Table 1 Clock input Source Selection 

Clock input source selection, prescaler frequency compare 
selection and timer interrupt control are controlled by software 
writting into timer control register 1 (TCR1: $009). 





Timer Control Register 1 (TCR1: $009) 
7 10] 


6 5 4 3 2 
—_—\_— 


SY 


1 
a Prescaler Frequency 
Comparator 


Clock Input Source 


Timer Interrupt Mask 





Timer Interrupt Request Fiag 





As shown in Table 1, clock input source selection is made 
by the three inputs; ISO or ISI (bits 4 and 5) of timer control 
register 1 (TCR1). After reset, internal clock $2 (bit 4 = 1 and 
bit 5 = 0) timer control is selected. 

As shown in Table 2, prescaler frequency compare is selected 
by timer control register 1 (TCR1) three bits; MSO through MS2 
(bit 0 through bit 2). 
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@ TIMER 2 

The HD6805W0 contains an on-chip programmable timer 
(timer 2) which may be used to perform measurements on an 
input waveform while independently generating an output 
waveform. Pulse widths for both input and output signals may 
vary from a few microseconds to many seconds. The timer 2 
hardware consists of 



















Timer Status Register 2 
(TSR2: $01A) 


Prescaler 


Multiplexer 


- an 8-bit control register 2 

- an 8-bit status register 2 

- an 8-bit timer data register 2 

+ an 8-bit output compare register 

+ an 8-bit input capture register 

* a 5-bit prescaler control register 2 

+ a 7-bit prescaler 2 
A block diagram of the timer 2 is shown in Figure 7. 


Prescaler Control 
Register 2 
rR (PCR2: $01A) 


Read/Write 


Output Compare Register 
(OCR: $010) 


Timer Control Register 2 
(TCR2: $01B) 


rt 


Ic! 


oci TOI 


Internal Interrupts Request Signal 


Figure 7 Timer 2 Block Diagram 


@ Timer Data Register 2 ($01C) 

The key element in timer 2 is an 8-bit timer data register 2 
free running counter which is driven to increasing values by the 
internal clock $2 or by timer input. The counter value may be 
read by the CPU software at any time. The timer data register 2 
is cleared by reset. This counter can also read and write. 


® Output Compare Register ($01D) 

The output compare register is an 8-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
timer data register 2. When a match is found, a flag is set (OCF) 
in the timer status register 2 (TSR2) and the current value of 
the output level bit (OLVL) in TSR2 is clocked to port C bit 6. 


Providing the data direction register for port C, bit 6 contains 
a “1” (output), the output level register value will appear on 
the pin for port C, bit 6. The values in the output compare 
register and output level bit may then be changed to control 
the output level on the next compare value. The output com- 
pare register is set to $FF by reset. 


© {nput Capture Register ($01E) 

The input capture register is an 8-bit read-only register used 
to store the current value of the timer data register 2 when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input edge bit (IEDG) in the TCR2. The data 
direction register bit for port C bit S$ should* be clear (zero) in 
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order to gate in the external input signal to the edge detect 
unit in the timer. In all cases, it is necessary to make the input 
pulse width at least 2 enable cycles in order to mantain the 
input capture. 


*With port C bit 5 configured as an output and set to “1”’, the external 
input will still be seen by the edge detect unit. 


@ Timer Control Register 2 (TCR2: $018) 
The timer control register 2 consists of an 5-bit register of 
which all 5 bits are readable and writeable. 


Timer Control Register 2 (TCR2: $01B) 


7 6 5 4 3 2 1 0 
CLL Te Joon om ns Joo 


Bit O OLVL Output Level 

When this value is compared with the counter value and 
output compare register value, it is moved to bit 6 of Port C. 

If DDR is set to “1” according to bit 6 of Port C, this value 
is output from the line of bit 6 of Port C. 


Bit 1 1EDG Input Edge 

This bit determines the trigger to change either polarity of 
input line bit 5 of Port C for data transmission to input capture 
register from timer/counter 2. When this function is used, it 
is necessary to clear DDR beforehand, according to Port C 
bit 5. When IEDG = 0, the negative edge triggers (“High” 
to “Low” transition). When IEDG = 1, the positive edge triggers 
(“Low” to “High” transition). 


Bit 2 TOIM Timer Overflow Interrupt Mask 
When this bit is cleared, internal interrupt (TOI) is enabled 
by TOF interrupt but when it is set, interrupt is inhibited. 


Bit 3 OCIM Output Compare Interrupt Mask 
When this bit is cleared, internal interrupt (OCI) by OCF 
interrupt occurs. When this bit is set, interrupt is inhibited. 


Bit 4 ICIM Input Capture Interrupt Mask 
When this bit is cleared, internal interrupt (ICI) by ICF 
interrupt occurs. When this bit is set, interrupt is inhibited. 


@ Timer Status Register 2 (TSR2: $01A) 

The timer status register is a 3-bit read-only register which 
indicates that: 

(1) A proper transition has taken place on the input pin with 
a subsequent transfer of the current counter value to the 
input capture register (ICF). 

(2) A match has been found between the value in the counter 
and the output compare register (OCF). 

(3) When $00 is in the counter (TOF) 

Each of the flags in the TSR2 has interrupt and inhibit 
bits, by which the interrupt output request is controlled. If 
the I bit in the condition code register is cleared, priority 
vectors are generated in response to clearing these flags. Each 
bit is discussed below. 


Timer Status Register 2 (TSR2: $01A) 
3 2 | 10) 
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Bit 5 TOF Timer Overflow Flag 

This read-only bit is set when the counter contains $00. It 
is cleared by a read of the TSR2, followed by a read of timer/ 
counter 2 ($01B). 


Bit 6 OCF Output Compare Flag 

This read-only bit is set when a match is found between the 
output compare register and the free running counter. It is 
cleared by a read of the TSR2 followed by a CPU write to the 
output compare register ($01D). 


Bit 7 ICF Input Capture Flag 

This read-only bit is set by a change in IEDG specification 
detected by the edge detection circuit and cleared by a read of 
the TSR2 followed by a CPU read of the input capture register 
($O1E). 

Although TCR2 and TSR2 are as described above, output 
compare output can be written into C, port by software. 
Accordingly, after Cg port has been written into by software, 
simultaneous cyclic pulse control with a short width is easy. 


@ Prescaler Control Register 2 (PCR2: $019) 

The selections of clock input source and prescaler frequency 
compare are performed by prescaler control register 2 (PCR2: 
$019). 


Prescaler Control Register 2 (PCR2: $019) 


Varad 


| 


Prescaler Frequency Comparator 


Clock Input Source 


Selection of clock input source is performed in three different 
ways by bits 4 and 5 of prescaler control register 2 (PCR2), as 
shown in Table 3. After reset, internal clock ¢, (bit 4 = 1 and 
bit 5 = 0) is selected by timer pin control. The prescaler fre- 
quency compare is selected by three bits in the prescaler control 
register 2 (bits 0 through 2), as shown in Table 4. The frequency 
compare can be selected in seven ways (+1, +2, +4, +8, +16, 
+32, +64 and +128). After reset, +1 (bit 0 = bit 1 = bit 2 = 0) is 
set. 

When writing into prescaler control register 2, or when 
writing into time counter 2, prescaler is initialized to $FF. 


Table 3 Clock Input Source Selection 


Clock Input Source 


Internal Clock $2 
Timer Pin Control $2 














Timer Pin Input 
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Table 4 Prescaler Frequency Comparator Selection 










HD6805WO , 
(Register option) 


® SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the part is functional. Connect the MCU 
as shown in Figure 8 and monitor the output of port C bit 3 
for and oscillation of approximately three hertz, if the LSI is 
normal. 


@ RESETS ae 

The MCU can be reset by the external reset input (RES) as 
shown in Figure 9. The reset conditions are the same as all of 
the input ports of the MCU (the contents of DDR are cleared). 

Upon power up, reset input requires a minimum of 100 
milliseconds to stabilize the internal oscillator, then it is neces- 
sary to go “Low”. As shown in Figure 10, a sufficient delay 
occurs by connecting a capacitor to the RES input. 





w cy 2 


a 


sy 


Pr Prpppp, 


EJ 


* Refer to Figure 11 about crysta! option 


Figure 8 Self Check Connections 


PCR2 

Bit 2 Bit 1 Bit Prescaler Frequency Comparator 

eee 7 

of oft #2 
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: Oo} at +32 

1 [oo | +64 

es +128 

8 |] TIMER 
Vcc 
Vss = Pin 1 
3302 

oy "Dip" in 
Vec Power 

ov 
RES 

Pin 





(nternal 
Reset 


Figure 9 Power Up and Reset Timing 
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Part of 
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MCU 







Figure 10 Power Up Reset Delay Circuit 





® INTERNAL OSCILLATOR OPTIONS 

The internal oscillator circuit has been designed to require 
a minimum of external components. The use of a crystal (AT 
cut, 4 MHz max) or a resistor is sufficient to drive the internal 
oscillator with varying degrees of stability. Furthermore, a mask 


4 MHz HD6805Wo 
max XTAL MCU 


22pF+20% 





Crystal 





External HD6805WO 


HD6805WO 


option manufactured separately from the LSI is available to 
provide better matching between the external components and 
the internal oscillator. Four different connection methods are 
shown in Figure 11. Crystal specifications are given in Figure 
12. A resistor selection graph is shown in Figure 13. 





HD6805WwO 
XTAL MCU 







Approximately 25% Accuracy 
External: Jumper 





HD6805Wwo 
5] XTAL MCU 
No 
Connection 


Approximately 15% Accuracy 
External Resistor 


RESISTOR OPTIONS 


Figure 11 Internal Oscillator Options 


51 XTA 
Clock . MCU 
Input 
External Clock 
CRYSTAL OPTIONS 
C, 
XTAL mi Rs EXTAL 
5 C, 6 


AT — Cut Parallel Resonance Crystal 


C, = 7 pF max. 
f = 4 MHz (C, =22pF+20%) 
Rs = 60 2 max. 


Figure 12 Crystal Parameters 


Frequency (MHz) 








0 5 10 15 20 25 30 35 40 45 = 50 
Resistance (kQ) 


Figure 13 Typical Resistor Selection Graph 
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@ INTERRUPTS 

The CPU can be interrupted in seven different ways: through 
external interrupt (INT, and INT,), internal timer interrupt 
request (Timer 1, ICI, OCI and OFI) or on command (SWI). 
Among these, INT, and Timer 1 are generated by the same 
vector address. When interrupt occurs, processing of the pro- 
gram is suspended, the present CPU state is pushed onto the 
stack. Moreover, the interrupt mask bit (I) of condition code 
register is set and the external routine priority address is a- 
chieved from the special external vector address. After that, 
the external interrupt routine is executed. The interrupt service 
routines normally end with a return from interrupt (RTI) 
instruction which allows the CPU to resume processing of the 
program prior to the interrupt. The priority interrupts are 
shown in Table 5 with the vector address that contains the 
starting address of the appropriate interrupt routine. The 
interrupt sequence is shown as a flowchart in Figure 14. 














a 
7——>SP 

0 > DDR'’s 

CLR INT Logic 
7F—>MR 
FF>TDR1 

00 > TOR2 

7F — Prescaler 1 
7F — Prescaler 2 
50>TCR1 

1C > TCR2 
00 > TSR2 
10 > PCR2 
















Load PC from 
Reset: FFE, FFF 


Interrupt 
RES res 
Swi 
INT eae gee 
Timer/INT, | 4 i 
Ic! | 6 
oc! a 
OFI 
Clear 
Set 
swi 
is Y 
N 





Table 5 Interrupt Priorities 


Vector Address 
$FFE, $FFF 
$FFC, $FFD 
SFFA, $FFB 
$FF8, $FF9 
$FF6, $FF7 
$FF4, $FF5 
$FF2, $FF3 


Execute Instruction 





Figure 14 Interrupt Flowchart 
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‘ae 


TCR2/TSR 
ICF=1, ICIM=O 


CR2/TSR 
OCF =1, OCIM=0 


TAP ren 


OF=1, TOIM=O 


Y OFI 


Stack PC, X,CC,A 





Load PC From 
SWI: FFC, FFD 
INT, : FFA, FFB 
TIMER 1: FF8, FF9 


INT, : FF8, FF9 
ICl: FFG, FF7 
OCI: FF4, FF5 
OFI: FF2, FF3 


® Miscellaneous Register (MR: $00A) 

As shown in Table 5, the interrupt vector address of external 
interrupt vector INT, is the same as Timer 1 interrupt vector 
address. For that reason, the control register for INT, is the 
miscellaneous register (MR: $00A). 





Miscellaneous Register (MR: $00A) 


7 6 5 ez a 2 1 0 


EI EIAvAVarAvAr4 


— INT, Interrupt Mas. 


INT, Interrupt Request Flag 





The interrupt of INT, is caused by the negative edge to 
enable latch. Moreover, interrupt inhibit is the same as the (I) 
bit for other condition code register (CC). 

Miscellaneous register (MR) bit 7 is the INT interrupt 
request flag. When interrupt occurs, bit 7 is set at “1”. Bit 7 
is checked by software in the vector address ($FF8, $FF9) 
interrupt routine and indicated by interrupt of INT2. Bit 7 
is reset by software (BCLR instruction). __ 

Bit 6 is the interrupt mask bit for INT,. When bit 6 is ‘‘1” 
INT, interrupt is inhibited. 

__ While read-modify-write_instruction is processing IRF, if 
INT, interrupt occurs, INT, interrupt request can be received. 
Accordingly, miscellaneous register set/reset should not be 
used for read-modify-write instructions (COM, ROL, ROR, 
LSL, LSR and ASL). The details of these instructions are shown 
in Table 8. 


















Data 
Direction 
Register Bit 


Output 
Data Bit 






Reg Bit 


Figure 15 Typical Port |/O Circuitry 
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Since IRF can read/write, IRF is written with software and 
“1” should not be written in. Accordingly, interrupt request 
should not be written in with software. 


® INPUT/OUTPUT 

There are 23 input/output pins. All of the pins are controlled 
by the data direction register and both input and output are 
programmable. When output is programmed, the I/O port is 
read, for example, even if the output load of output level 
changes, the latched logical level data is read as shown in Figure 
15. When Port B is output by program, the current from each 
pin is capable is sinking 10 mA (Vo, max. = 1V). Furthermore, 
port A pin is CMOS compatible at output. Ports B and C are 
CMOS compatible at input. Several examples of the Port dis- 
tributions are shown in Figure 16. 

On port C, Cs and Cg are timer 2 and are selected by soft- 
ware. 

When all of port C is used for input, all of port C DDR 
($006) should be “0”. When port C is used for output, all of 
port C DDR should be “1”. At this time the data input uses 
port C ($002). 

When port C is used as timer 2 input capture (IC), port C 
bit 5 is reset to “O” (input) and timer control register 2 (TCR2: 
$01B) bit 4 (ICIM) is reset to “0”. 

For either edge, the value in TCR2 bit 1 (IEDG) is input 
to input capture register as timer data register 2 value. 

When timer 2 output compare (OC) is used, port C, DDR 
($006) bit 6 is set to “1” (output). In this case, timer data 
register 2 matches the content of output compare register and 
the value of bit 0 of timer control register 2 is output to Cg. 

In this case, data can also be written to Cg by software. 
When the output compare match is written with software, the 
software write has priority and the output compare write is 
ignored. Moreover, when C., is output-only, output matched 
output is written at Cg and caution must be taken. 











Data 
Direction Output Output Input to 
Register Data Bit State MCU 
Bit 
0 
1 
3-State 
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Port A 





Port A Prograrnmed as output(s) driving CMOS and TTL Load directly. 
(a) 









@ 
° 






Port B 
10 mA max 






o 
3 


Port B Programmed as output(s) driving LED(s) directly. 
(c) 





Oo 
° 


Port B 


@o 
ee) 





Port B Programmed as output(s) driving Darlington base directly. 
(b) 


+V 








° 


Port C CMOS Inverter 


@eeeecese 






[e) 


oa 






Port C Programmed as output(s) driving CMOS using external pull-up 
resistors. (d) 


Figure 16 Typical Port Connections 


@ INPUT 

Port D has 6 TTL compare compatible pins and 4-channel 
input A/D converter can be used. The conceptual structure of 
port D is shown in Figure 17. 

When $003 is read in the input is 6 pin TTL compatible. 
For use as an A/D converter, refer to the section on A/D conver- 
ters. 





$003 Read 






Internal Bus 





Port D 
Do to D; 


/\ 








Van 


AVss 


Analog Input 


ANo 
AN, 
AN2 
AN3 





A/D 
Converter 





Figure 17 PortD 


s A/D CONVERTER 

The HD6805W0O has an internal 8 bit A/D converter. The 
A/D converter is shown in Figure 18 and has 4 pins for analog 
input (ANo through AN3), result register and control/status 
register (ADCSR). 









AVeg O———__+ 


5v 





A/D Control Status Register A/D Result Register (ADRR: $O0F} 
(AOCSR: $O0E) 


Figure 18 A/D Converter Block Diagram 
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® Analog Input (ANy through AN;) 

Analog pins ANo through AN; accept analog voltages of OV 
through 5V. The resolution power is 8 bit (256 divisions) with 
a conversion time of 76 us at 1 MHz. Analog conversion is 
selected by bits 0 through of control status register (ADCSR) 
analog input. Since the CPU is unnecessary for conversion, 
other user programs can be executed. 


Table 6 Analog Input Selection 





Analog input Signal 














© A/D Control Status Register (ADCSR: $00E) 

Control status register ($QOE) is used to select analog input 
or A/D conversion termination. 

Analog input selection is as shown in Table 6 and is se- 
lected by bits 0 through 1 of bit 2. The analog input signal 
is selected from among ANo through AN3. 

A/D conversion begins when data is writen into bits 0 
through 1 of control status register. When A/D conversion 
ends, bit 7 (CEND flag) is set. Bit 7 is reset after the A/D 
result register is read. Moreover, when bit 7 is set A/D conver- 
sion execution continues. To end the A/D conversion, A/D 
result register is set to the most recent value. During A/D 
conversion execution, data is written into the new A/D control 
status register which selects the input channel and A/D conver- 
sion execution at that time is suspended. CEND flag is set and 
new A/D conversion begins. 


© A/D Result Register (ADRR: $O0F) 

When A/D conversion ends, the result is set in the A/D con- 
version result register ($OOF). When the ADCSR CEND flag 
is set, converted result is obtained from A/D result register. 
Furthermore, ADCSR CEND flag is reset. 


= STANDBY RAM 

The 8 bit RAMs $020 through $027 are used for standby 
RAM. When used as standby RAM, Vcc standby is impressed 
after Vcc OFF. Consequently, power supply is connected only 
to standby RAM and other parts are not connected with power 
supply. Accordingly, there is a small savings in power supply 
but the standby RAM data is maintained. 

Standby RAM control is performed by RAM control register 
or RAME signal. 


: 


o RAME 






RAM CTRL 


9 Vcc Standby Reg. (SO1F) 











Standby RAM 






Read/Write 


Figure 19 Standby RAM 
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@ RAM Control Register (RCR: $01F) 

This register, which is addressed at $01F, gives status infor- 
mation about the standby RAM. A “0” in the RAM enable 
bit (RAME) will disable the standby RAM, thereby protecting 
it at power down in Vcc standby is held greater than Vspp 
volts as explained previously in the signal description for Vcc 
standby. 


RAM Control Register 


Bit 6 RAM Enable 

The RAM enable contro! bit allows the user to disable the 
standby RAM. The bit which resets the CPU is set to “1” and 
standby RAM is enabled. This bit can be written to “1” or “Q” 
under program control. 

When the RAM is disabled, (logic ‘‘0’’) the RAM address 
is ineffective. 


Bit 7 Standby bit 

The standby bit is cleared when the standby voltage is 
removed. This bit is a read/write status flag that the user can 
read which indicates that the standby RAM voltage has been 
applied, and the data in the standby RAM is valid. 


@ RAME Signal 

The RAME signal can control the RAME bit in the RAM 
control register to be “0” (RAME is disabled). When in a hard- 
ware standby mode, Vcc standby remains on and the RAME 
signal falls, then Vcc is set to off, as shown in Figure 20. 

With Vcc on, RAME as “‘0”’ causes the signal to fall and 
RCR RAME bit is reset at ‘0’, standby RAM is disabled. 
After this, Vcc becomes off and RAME is maintained by the 
Vcc standby power source. Moreover, RAME rises to “1” 
after Vec on and RCR RAME bit is “1”. Standby RAM is 
then enabled. In this way, without software, RAME signal 
is used externally to control the RAM. 





Standby RAM Enable 


Standby RAM Disable 


Figure 20 RAM Control Signal (RAME) 


= BIT MANIPULATION 

The MCU has the ability to set or clear any single RAM or 
input/output port (except the data direction registers) with a 
single instruction (BSET and BCLR). Any bit in the page zero 
read only memory can be tested by using the BRSET and 
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BRCLR instructions, and the program branches as a result of 
its state. This capability to work: with any bit in RAM, ROM or 
I/O allows the user to have individual flags in RAM or to handle 
single I/O bits as control lines. The example in Figure 21 shows 
the usefulness of the bit manipulation and test instructions. 
Assume that bit 0 of port A is connected to a zero crossing 
detector circuit and that bit 1 of port A is connected to the 
trigger of a TRIAC which powers the controlled hardware. 

This program, which uses only seven bytes of ROM pro- 
vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer is also incorporated to provide turn-on at 
some later time which permits pulse-width modulation of the 
controlled power. 


SELF 1 BRCLRO, PORTA, SELF 1 
BSET 1, PORTA 


BCLR 1, PORTA 


Figure 21 Bit Manipulation Example 


= ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. These modes are explained and illustrated briefly 
in the following paragraphs. 


@ tmmediate 

Refer to Figure 22. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 


@ Direct 

Refer to Figure 23. In direct addressing, the address of the 
operand is contained in the secondbyte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of 
this efficient memory addressing mode. 


@ Extended 

Refer to Figure 24. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 


® Relative 
Refer to Figure 25. The relative addressing mode applies only 


to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA = (PC) +2 + Rel. Rel is the con- 
tents of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken, Rel = 0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to ~127 bytes of the present instruction. 
These instructions are two bytes long. 


@ Indexed (No Offset) 

Refer to Figure 26. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 


@ Indexed (8-bit Offset) 

Refer to Figure 27. The EA is calculated by adding the con- 
tents of the byte following the opcode to the contents of the 
index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 


@ Indexed (16-bit Offset) 

Refer to Figure 28. This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are 
three bytes long. 


© Bit Set/Clear 

Refer to Figure 29. This mode of addressing applies to 
instructions which can set or clear any bit‘on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 


_@ Bit Test and Branch 


Refer to Figure 30. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00 through $FF) and branch to any location relative to the 
PC. The byte to be tested is addressed by the byte following 
the opcode. The individual bit within that byte to be tested 
is addressed by the lower three bits of the opcode. The third 
byte is the relative address to be added to the program counter 
if the branch condition is met. These instructions are three 
bytes long. The value of the bit to be tested is written to the 
carry bit in the condition code register. 


@ implied 

Refer to Figure 31. The implied mode of addressing has 
no EA. All of the information necessary to execute an instruc- 
tion is contained in the opcode. Direct operations on the 
accumulator and the index register are included in this mode 
of addressing. In addition, control instructions such as SWI 
and RTI belong to this group. All implied addressing instruc- 
tions are one byte long. 
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Memory 


Index = 







Stack Point 

PROG LDA #$F8 OS5SBE Prog Count 
O58F 05CO 
cc 


aes! 


' 
i] 
[ee | 


Figure 22 Immediate Addressing Example 


CAT FCB 32 0048 


Stack Point 
PROG LDA CAT 052D 


Prog Count 


052F 


cc 


: 3 oe 


Figure 23 Direct Addressing Example 
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PROG LDA CAT 0409 







Index Reg 


Stack Point 


ei ee 


Prog Count 


040C 


cc 


teed 


CAT FCB 64 O6ES 


Figure 24 Extended Addressing Example 





EA 
Memory 04C1 
oy 
4 r] 
Adder 


Pos 
Index Reg 
| on | Stack Point 
eal a aan 
Prog Count 


Figure 25 Relative Addressing Example 
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PROG BEQ PROG2 04A7 
04A8 
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TABL FCC /LI/ 0088 





5 t Stack Point 


PROG LDA X O5F4 F6 


cc 


aaa 


| 


Figure 26 Indexed (No Offset) Addressing Example 










Memory 


TABL FCB #BF 0089 
FCB #86 OO8A 
FCB #0B 0088 


FCB #CF 008C Index Reg 


Stack Point 
PROG LDA TABL. X 075B 
075C 
Prog Count 
O75E 
cc 


aca 
| 86 
aos 
i] i] 
ees 
eel 
eae 
3 mess 


Figure 27 Indexed (8-Bit Offset) Addressing Example 
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Memory 


Index Reg 


PROG LDA TABL. X 0692 Stack Point 


0693 
0694 Prog Count 
CC 


) 


TABL FCB #BF 8 60Q77E 
FCB #86 4 077F 
FCB #DB = 0780 
FCB #CF 0781 


PORTB EQuU 1 0001 


aod 
Index Reg 
PROG BCLR 6.PORT 8B OS8F Stack Point 
0590 
Prog Count 
' ' cc 


=a 


Figure 29 Bit Set/Clear Addressing Example 
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EA 
Memory 0002 


a 
r] 
1 
t 
2 index Reg 
0000 
Stack Point 
t | 
i] ' 
0574 Prog Count 


0575 (8) 
0576 


oO 


cc 


Adder 
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Figure 30 Bit Test and Branch Addressing Example 
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Index Reg 


Stack Point 


Prog Count 


05BB 


cc 


Renae 


Figure 31 Implied Addressing Example 
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# INSTRUCTION SET 
The MCU has a set of 59 basic instructions. These instruc- 
tions can be divided into five different types; register/memory, 
read/modify/write, branch, bit manipulation and control. Each 
instruction is breifly explained below. All of the instructions 
within a given type are presented in individual tables. 
_— 


@ Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either the accumulator or the index register. The other 
operand is obtained from memory by using one of the address- 
ing modes. The jump unconditional (JMP) and jump to sub- 
routine (JSR) instructions have no register operand. Refer to 
Table 7. 


@ Read/Modify/Write Instructions 

These instructions read a memory location or a register, 
modify or test its contents and write the modified value back 
to the memory or register. The TST instruction for test of 
negative or zero is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
8. 





®@ Branch Instructions 
The branch instructional cause a branch from a program 
when a certain condition is met. Refer to Table 9. 


@ Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other 
group performs the bit test and branch operations. Refer to 
Table 10. 


@ Control Instructions 
The control instructions control the MCU operations during 
program execution. Refer to Table 11. 


@ Alphabetical Listing 
The complete instruction set is given in alphabetical order 
in Table 12. 


@ Opcode Map 
Table 13 is an opcode map for the instructions used on the 
MCU. 
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5 S| 5 6; 96 sis =} 2; 5/0 2 S10 S128) 8ig < § 
S E/E e/ele ect S,EISio |S ELSES e 25 
= elias -isls ol gig SleElS 26/8 o|e 4/5/09 3 
4 q)xi<px/SiSelsissl/2 s( eal ESl/ES/ 8 S/S] ase 
3 zi zjeie PFIEIESl gl 23 cE tletle sl ele} 82 
ue 8| S|S|/Sisias| S/S Fi 2lc Ls /ESlES 2 SEE] |2O- 
S)4)G/H8\4)¢0/ A Aa} <clojw s/< sla sja-/5j5] Say 
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Table 8 Read/Modify/Write Instructions 


Addressing Modes 









3 F , Indexed . tndexed 
Implied (A) Implied (X) Direct (No Offset) (8-Bit Offset) 


# # Op # # Op # # Op # # Op # # 
Code | Bytes | Cycles | Code | Bytes| Cycles} Code} Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles 
Increment | wwe | ac | 1 | BC [aa lrged (2 7¢ poe. 2s 
5A 4 ; 7A 


Function Mnemonic 





~ 











Decrement D 
Clear Cc 5F 
53 


ele 








~w)P NN 


| 


Complement Cc 


Negate 
(2's Complement) a0 


INC 

EC 

LR 

OM 

EG 

Rotate Left Thru Carry ROL 
Rotate Right Thru Carry ROR 
LSL 

LSR 

SR 

SL 

T 








ft 
w 
o 
N 
~ 











a 
7 1 
8 1 
D 1 





4 
Logical Shift Right 4 
Arithmetic Shift Right | A 
Arithmetic Shift Left A 4 
Test for Negative or 4 
Zero 


Symbols: 
Op: Operation Abbreviation 
# =: Instruction Statement 





ro2) 2 a1 
a ee ee 


OMSO089GH 





HD6805WO 


Table 9 Branch Instructions 










Relative Addressing Mode 







































































Function Mnemonic # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 
Branch Never BRN 21 2 4 
Branch IF Higher BHI 22 2 4 
Branch IF Lower or Same BLS 23 2 4 
Branch IF Carry Clear | BCC 24 2 4 
(Branch IF Higher or Same) (BHS) 24 2 _ 4 
Branch IF Carry Set BCS 25 2 4 
(Branch IF Lower) (BLO) 25 2 4 
Branch IF Not Equal | BNE CUT CT 
Branch IF Equal BEO 27 st 2 4 
Branch IF Half Carry Clear BHCC 28 2 4 
Branch IF Half Carry Set BHCS 29 2 4 
Branch IF Plus We BPL 2A 2 4 
Branch IF Minus af BMI ks 2B 2 4 
Branch IF Interrupt Mask Bit is Clear BMC 2c 2 4 
Branch IF Interrupt Mask Bit is Set 2 4 
Branch IF Interrupt Line is Low a ae 
Branch IF Interrupt Line is High 2 4 
Branch to Subroutine 2 8 








Symbols: Op: Operation Abbreviation #: Instruction Statement 
Table 10 Bit Manipulation Instructions 


Addressing Modes 


Function Bit eee Bit Test and Branch 


Op Op # # 
Code a = Code Bytes Cycles 
yf = | = | 


2*n 3 10 


Branch IF Bit n is clear BRCLR n (n=0..... mn Sere et eee 01+2¢n 3 10 
Set Bit n BSET n (n=0 ..... FE A = = 


Gar bi BCLAniod.n.”) | ween | 2? [7 | = | - |= 


Symbols: Op: Operation Abbreviation #: Instruction Statement 
Table 11 Control Instructions 

















: . Implied 
Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X 97 1 2 
Transfer X toA TXA OF fd 2 
Set Carry Bit SEC | 9 Of 2 
Clear Carry Bit CLC 98 1 2 
Set Interrupt Mask Bit SEI ee ee ae 2 
Clear Interrupt Mask Bit CLI 9A 1 2 
Software Interrupt sw 83 1 11 
Return from Subroutine RTS 81 foe oe on 6 
Return from interrupt RTI eS aS ee ae 9 
Reset Stack Pointer RSP 2 


Symbots: Op: Operation Abbreviation #: instruction Statement 
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Table 12 Instruction Set 






























































Addressing Modes Condition Code 
Mnemonic : : Re. | Indexed dexed | Bit Bit 
roi | Ge | et | Eins | | ion (ats | | rea [ws [wz [o 
ac} | xT xe xk Te ee A To TAT ATA 
ap | | x | x | xe TT ee Te oo fata la 
anv | | x | x | xe TU eT xe Te ° 
at | x | UT x TT xe le Te Fe TAT ATA 
asp | x | UT x | Te Te Te fe [Aa 
BCC ees ee ae ee eee ee eee ee ee rrr 
BCLR es es ee ee ee eee 
BCS xf | | | | fe lelel[e [eo 
BEG a a ee ee 
ee ee 
BHCS [| | i [ole le lo 
BHI a So | | fe Jefe le lo 
BHS a ee ee ee ee 
BIH a ea -—— | | feo leoleole le 
~ BIL | {fe lete te fe 
BIT ae 2 a a De ee A|A le 
BLO ae a ee ee ee ee ee Cees ea 
BLS a ee ee ee 
eve | | | xe Pe To fe fe fo 
EC cd a ee ee 
BMS ee ee ee ee 
BNE | | CE le i feo fe fe To 
BPL a ee ee ee ee ee 
BRA Pot te Te Teo fe Te To 
BRN ee a (a a sae ee ee ees ee ee a 
BRCLR P| x fo feo feo fe [a 
SRSET [2 eae ee ee fee] ‘0. 
BSET a ee ee ee ee 
BSR po 
CLC a ee ee ae a es 0 
CLI x ae a ee ee 
Cle a I eS ep ee pe be 0s) ane 
CMP Px | x |x | of « | x f « Tt fefelatala 
cm | «x | | x { | tf « tx | ft fT fefefaltats 
CPX ————————————— ALAA 
DEC x pet a=  pDHS ° 
EOR [ x | x x ber he i 2 | fe fel Alale 
INC an el pf sf et fel alate 
IMP x [x ee 
gro| te Te Te Te Te Te fete e fe 
LDA po ee i ee ee ee LAA le 
a a EE eee en a  (e 
Condition Code Symbols: 
H_ Half Carry (From Bit 3) C Carry Borrow : 
| Interrupt Mask /\ | Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
Z Zero (to be continued) 
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Table 12 


Instruction Set 


HD6805WO 





Mnemonic 


LSL 
LSR 
NEO 
NOP 
ORA 
ROL 
ROR 
RSP 
RTI 
RTS 
SBC 
SEC 
SEI 
STA 
STX 
SUB 
Swi 
TAX 
TST 
TXA 

















oe 


Implied imme-| irae 


diate 


x) x 1K] x 





Addressing Modes 


lative 





Condition Code 





Indexed 
(No 
Offset) 


Indexed 
(8 Bits) 


Bit 
Set/ 
Clear 


Indexed 
(16 Bits) 


Bit 


Test & | H 


Branch 





: 








ei>|>}> 





e>|>\|> 


+— 








x |e 1K) KY] xX 





er>|> i> 








[= 














>l/e@;vje;>/>j>/e)/>]o 





: 


























x) x 1K) 





Condition Code Symbols: 
H Half Carry (From Bit 3) 
! Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 














Carry/Borrow 
Test and Set if True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 


Table 13 Opcode Map 











































>/>)>);e/¢e 


RERBBE Bogen 




























































































































































Bit Manipulation Control Register/Memory 
Branch_| Gieer_|_Rel_| O'R x0 
[eRseTO |eseTO [BRA | NEQ RTI | SUB 0 
1 | BRCLRO | BCLRO | BRN - RTS* 1 
2 | BRSET1 SBC 2 
3 | BRCLR1 CPX 304 
BRSET2 AND 40 
BRCLR2 | BCLR2 BIT 5 W 
_ 6 | BRSET3 | BSET3 | BNE ROR =. if LDA 6 
7 | BRCLR3 | BCLR3 | BEQ ASR STA(+1) 7 
8 | BRSET4 | BSET4 | BHCC LSL/ASL EOR 8 
9 | BRCLR4 | BCLR4 | BHCS ROL SEC ADC 9 
A|BRSETS | BSETS | BPL | DEC cui ORA A 
B |BRCLRS | BCLRS | BMI - SEI AOD 8 
C|BRSET6 | BSET6 | BMC INC rsP_ | — | JMP(~1) Cc 
D | BRCLR6 | BCLR6 BMS TST NOP BSR? | JSR{-3) D 
E|BRSET7 | BSET7 | BIL - LDX E 
F | BRCLR7 | BCLR7 | BIH CLR STX (+1) F 
3/10 2/7 1/4 
























[NOTE] 1. Undefined opcodes are marked with “—". 









2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles). 
Mnemonics followed by a ‘‘#"’ require a different number of cycles as follows: 


9 
RTS 6 
Swi 11 
BSR 8 


3. { 


© HITACHI 


) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
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HD6805X0 
MCU (Microcomputer Unit) 


—ADVANCE INFORMATION— 
The HD6805X0 is the 8-bit single chip Microcomputer Unit 


(MCU) which contains a CPU, on-chip clock, ROM, RAM, I/O HD6805X0P 
and timer. The HD6805X0 is a member of HD6805 family 
and has more I/O ports and serial I/O than HD6805V1. 


HARDWARE FEATURES 

8-Bit Architecture 

96 Bytes of RAM 

Memory Mapped 1/O 

3958 Bytes of ROM 

internal 8-Bit Timer with 7-Bit Prescaler 

Vectored Interrupts — 2 External, Timer, Soft and Serial 1/O 
55 1/0 Lines (16 Lines LED Compatible) 

On-Chip Serial /O (Usable as Timer) (DP-64S) 
On-Chip Clock Circuit 

Self-Check Mode 

Master Reset 

Low Voltage Inhibit 

Complete Development System Support by Evaluation Kit 
5 Vdc Single Supply 





= PIN ARRANGEMENT 


SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instruction 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tables 
Full Set of Conditional Branches 

Memory Usable as Registers/Flags 

Single Instruction Memory Examine/Change 
10 Powerful Addressing Mode 

All Addressing Modes Apply to ROM, RAM and I/O HD6805X0 
Compatible with MC6805P2 

Compatible with HD6805V1, HD6805U1 





(Top View) 
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= BLOCK DIAGRAM 


PortA 
1/0 
Lines 


Port B 
1/0 
Lines 


Port C 
1/0 


Lines 
C;/CK 
C./Rx 
C,/Tx 


TIMER 


Co 
Cy 


C3 
C, 





, Serial 
Status Reg. 


Prescaler 
7 8 





Port | Data 
Cc Dir. 





Control Reg. 





XTAL EXTAL 
Timer/ RES NUM INT 


Counter 
CPU 
Control 















Accumulator 
8 A 
Xx 


8 


Condition 
Code Register 
cc 










Stack Pointer 






3958 x 8 96x 8 
ROM RAM 
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Miscellane- 
ous Reg. 


Port 


a 


Reg. 


Port 


Reg. 


Port 


Reg. 


Port 
G 
Reg. 





HD6805X0 


Eo 


E, 
E; 
E,4 


E. 
E, 


Fo 


F, 


Fs 
Fe 
F, 


Go 
Gi 
G2 
G3 
Ga, 
Gs 
Ge 
Gi 


Port E 
Output 
Lines 


Port F 
Output 
Lines 


PortG 


1/0 
Lines 
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HD6301V1,HD63A01V1 ,-___- 
HD63B01V1 


CMOS MCU (Microcomputer Unit) 


The HD6301V1 is an 8-bit CMOS single-chip microcom- 

puter unit, Object Code compatible with the HD6801. 4kB BESS Pete RSAO1Y Ve: WE SOROTN IE 
ROM, 128 bytes RAM, Serial Communication Interface (SCD, 
parallel 1/O terminals and three function timer are incorporated 
in the HD6301Vi1. It is bus compatible with HMCS6800. Ex- 
ecution time of key instructions are improved and several 
new instructions are added to increase system throughput. 
The HD6301V1 can be expanded up to 65k words. Like the 
HMCS6800 family, I/O level is TTL compatible with +5.0V 
single power supply. HD6301V1 is fabricated by the advanced 
CMOS process technology. So power dissipation is extremely 
reduced. And HD6301V1 has Sleep Mode and Standby Mode 
as lower power dissipation mode. So flexible low power con- 
sumption application is possible. 


= FEATURES 
@ Object Code Upward Compatible with HD6801 Family 
@ Abundant On-Chip Functions Compatible with HD6801V0; 
4kB ROM,128 Bytes RAM, 29 Parallel 1/O Lines, 2 Lines of 
Data Strobe, 16-bit Timer, Serial Communication Interface 
@ Low Power Consumption Mode: Sleep Mode, Standby Mode 
@ Minimum Instruction Cycle Time 
Tus (f= 1MHz), 0.67us (f=1.5MHz), 0.5us (f=2MHz) 
Bit Manipulation, Bit Test Instruction 
Protection from System Burst: Address Trap, Op-Code Trap 
Up to 65k Words Address Space 
Wide Operation Range 


Vec=3 to 6V (f=0.1~0.5MHz), 
f=0.1 to 2.0MHz (Vcc=5V+10%) 


# BLOCK DIAGRAM 





npeor iN =|  HD6301V1 











(Top View) 


a TYPE OF PRODUCTS 
Bus Timing 
HD6301V1 


HD63A01V1 
HD63B01V1 
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HD6301V1,HD63A01V1,HD63B01V1 


= ABSOLUTE MAXIMUM RATINGS 


“ime Value 
-0.3 ~ +7.0 


0.3 ~ Vect0.3 
Q~ +70 
-55 ~ +150 



















Item 
Supply Voltage 
Input Voltage 



















Operating Temperature = 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout : Vss & (Vin OF Vout) & Vcc. 









Storage Temperature 


m ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = 0~+70°C, unless otherwise noted.) 


Item | Symbol | Test Condition | _min_| typ | max | Unit 
Yee} v 
Input “‘High” Voltage WeexO7), =| 
ea a 
input Leakage Gurren 


Three State (off-state) Pip ™~Pi7, Poo Poa, ea | =0.5~ Vice -0.5V 
{ Vin 


Leakage Current Psp ~P37, Pao™ Pa7, ISS 
Output “Low” Voltage [Dibiewe live Nig etene 


VoL 
Input Capacitance All Inputs ao oy, s vt OMe, 
Standby Current | Non Operation Ss | tcc | | 
DO Sone perating (f=1MHz**) 
ere lL. Sleeping (F=1MHz**) 
RAM Stand-ByVorwwe| SSS«d| Ct iT - TCC 


® Vinmin = Vec-1.0V, Vie max = 0.8V 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations of the when of f = x MHz operation are decided according to the following formula; 


[=| 103 


1.0 | pA 


LA 


Pe 


—_ 
f=) 
= 
nN nN 
o on 
< 


typ. value (f =x MHz) =typ. value (f = 1MHz) xx 
max. value (f =x MHz) = max, value (f = 1MHz) xx 


(both the sleeping and operating) 
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HD6301V1,HD63A01V1,HD63B01V1 


@ AC CHARACTERISTICS (Voc = 5.0V10%, Vsg = OV, Ta = O~+70°C, unless otherwise noted.) 


BUS TIMING 
Item 


Cycle Time 


Address Strobe Pulse Width 


“High” 


Address Strobe Ri 
Address Strobe Fall Time 
Address Strobe Delay Time 


Enable Rise Time 
Enable Fall Time 


= 
ston [in [9 |x| min [wo [men [90] ma 


teye 





ise Time 


Enable Pulse Width “High” Level 
Enable Pulse Width “Low” Level — 
Address Strobe to Enable Delay 
Time 

Address Delay Time 


Address Delay Time for Latch 
Write 


Data Set-up Time 
Read 








Read 
Write 
Address Set-up Time for Latch 
Address Hold Time for Latch 
Address Hold Time 
Ao ~ Az Set-up Time Before E 
Ae -Multiplexed 


sais Bus 


Oscillator stabilization Time 


Data Hold Time 


Peripheral Read 
Access Time 


tre 





Processor Control Set-up Time 

PERIPHERAL PORT TIMING 
Item 

Peripheral Data 


Set-up Time 


Peripheral Data 
Hold Time 










(taccn) 


(taccm)| _ 





Symbol} Con- 
dition 














Test 


L 


100 








nN | me 
3 =) 
g é 
oO I 
So 


HD6301V1 HD63A01V1 





oa 
Oo 





NO} mM 
Ni oN 
sig 


HD63B01V1 





pane 


min | typ | max} min | typ | max 


ront.2.2.4 Janu |n.| 200] - | - [200] - | - [ano] - | ~ 
oe ee ee 





Delay Time, Enable Positive 

Transition to OS3 Negative tosp1 | Fig. 5 300 300 

Transition 

Delay Time, Enable Positive 

Transition to OS3 Positive tosp2 | Fig. 5 

Transition 

Delay Time, Enable Nega- Port {: 

tive Transition to Peri- 2*3,4 Fig. 4 300 300 

pheral Data Valid 

Input Strobe Pulse Width [tewis | | — [200] - | - [200] - | - | 
Input Data Hold Time eee eae ee eee ees 
input DataSeup Tine | Por'3 [ts |Fie6| 0/-|-]| o|-|j-| o|-|-| 


* Except Po4 
228 
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Unit 


=] 
a 
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Unit 


ns 


ns 


ns 


> 
a” 


=] 
a 


3/5 
ala 


HD6301V1,HD63A01V1,HD63B01V1 


TIMER, SC! TIMING 













Test 
Con- 





Symbol 








Timer Input Pulse Width 
Delay Time, Enable Positive 
Transition to Timer Out 
SCI Input Clock Cycle 

SCi Input Clock Pulse Width 






MODE PROGRAMMING 


RES “‘Low” Pulse Width 
Mode Programming Set-up Time 





Mode Programming Hold Time 








Address Strobe 
(AS) 


D> 
2.4V 
+ PWe y ——+ 
Enable 
(E) 
es Ee 
j+—tér tet 
——— ta 1 —>| 
jo—t AH 


WwW 2.4V 
R/W .Aew~Az 
(SCQj (Port4) Address Valid ) 
0.8V 
tASL 








TAHL 
THWw 
MPU Write 2.4V 2.4V 
i as ‘ a ca ) ( Data Valid ) 
‘ort 
0.8V 0.8V 
See ee tur 
cpa. rahe 2:0¥. 
ae | Valid b ( Data Valid » 
(Port 3) 08Vv ayy 


}—_———— {tacem) | 


Figure 1 Expanded Multiplexed Bus Timing 
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HD6301V1,HD63A01V1,HD63B01V1 





teyc 


2.4V 


Enable 
(E) 


0.8V 





Ay~A, (Port 4} 


10S (SC) 0.8V 


R/W {(SC2) 


PU Wri 
MPU ite (| Data Valid Be 
0.8V 





0,~D, 
(Port 3) 
tosr—>| 
| taccn) tHR 
2.0V 
MP: 

latins (| Data Valid ) 
DoD 0.8V 
(Port 3) ‘ 







tAH 


A,~A, (Port 1) 






Address Valid 
A,~A,, (Port 4) 















E 
E 
0.8V 
Pio ~ Pi, ‘et 
PWD 

Pro = P., 
Pay ve, Py, 

Inputs All Data 2.4V - 

Port Outputs aay Data Valid 

Pro ~ Ps, 

inputs® 

Note) Port 2: Except P,, 
“Port 3 Non-Latched Operation Figure 4 Port Data Delay Times 
Figure 3 Port Data Set-up and Hold Times (MPU Write) 
(MPU Read) 
i? MPU access of Port 3° 1s3 
E 
acoress ($0006) 
Py ~P;, 2.0V \y 2.0V 
0s3 08v ZN 


+toso1 tosp2 Inputs 
2.4V 
0.8V 


*Access matches Output Strobe Select (OSS = 0, a read; : busts 
OSS = 1, a write) Figure 6 Port 3 Latch Timing 


: or (Single Chip Mode) 
Figure 5 Port 3 Output Strobe Timing 


(Single Chip Mode) 
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HD6301V1, HD63A01V1,HD63B01V1 





Timer 
Counter 
Mode Inputs Data Valid 
{Pio ate ad 
P,, 24V 
Output 0.8V Figure 8 Mode Programming Timing 


Figure 7 Timer Output Timing 


Vec 


Ry = 2.2k2 


(4.0k2& for E) 
Test Point 


182074 H: 
or Equiv 


C = 90 pF for P,,~P3,,P4,~Pax.SC,, SC, 
30 


pF for P,, ~P,,,P:,~P, 


wuowu 


pF for E 


40 
12k for P,.~P,,, Pag ~P ag. Pag ~Paz, Pan ~Py>, E, SC,, SC, 


aye 


Figure9 Bus Timing Test Loads (TTL Load) 


Interrupt 


Test 
~~_, 


Aeiine bus SD ED GD ED ED GED GED GHD GED GEN GED GED GED GED GHEE 








Op Code Op Code _— FFFF SP SP-5 SP-6 Nestor Vector New PC 
NMI, IRQ) Address Address+1 Address Address Address 
—| tpcs 
Internal 
Data Bus i 
Op Code Qperand Irrelevant pcQo~ PC8-~ 1X0 ~ Ix8 ~ ACCA ACCB CCR ector Vector First Inst. of 
Internal —__Op Code pnarg PCT PC15 1X7 Ix15 _LSB____ Interrupt Routine 
Read 
Internal 
Write 
Figure 10 Interrupt Sequence 
——S5. (dre ee 
4 _— 
Vec 
a Eenenaanaeuanmammeneeneat’ 
“Veco -05V Veeosv 5v 
STBY tees a 
Vec 05 
RS , aa 


aco TI MMMM XX >>> OXON Sees 


FREE FREE FFFF FFFE FFFF FFFE FFFF New PC FFFF FFFF 


eM, 
<A A $3. 
=-—_——_—_—__ 


Figure 11 Reset Timing 


Dats 
Bus 
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HD6301V1,HD63A01V1,HD63B01V1 


@ FUNCTIONAL PIN DESCRIPTION 


* Vcc Vss 

These two pins are used for power supply and GND. 
Recommended power supply voltage is 5V + 10% or 3 to 6V 
other than for high speed operation (SOOkHz). 


e@ XTAL, EXTAL 

These two pins are connected with parallel resonant funda- 
mental crystal, AT cut. For instance, in order to obtain the 
system clock 1MHz, a 4MHz resonant fundamental crystal is 
useful because the devide by 4 circuitry is included. EXTAL 
accepts an external clock input of duty 50% (+10%) to drive, 
then internal clock is a quarter the frequency of an external 
clock. External driving frequency will be less than 4 times as 
maximum internal clock. For external driving, no XTAL should 
be connected. An example of connection circuit is shown in Fig. 
12. 


AT Cut Parallel Resonance Crystal 
Co = 7 pF max 
Rs = 60 2 max 


XTAL 


Cuy = Cre = 10~22pF + 20% 
SI (3.2~8MHz) 


EXTAL 


Figure 12 Crystal Interface 


@ Standby (STBY) 

This pin is used to place the MCU in the Standby mode. 
Setting to “Low” level, the internal condition is reset with 
inactive oscillation and fixed internal clock. In order to retain 
information in RAM during standby, write “O” into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 


@ Reset (RES) 

This input is used to reset the MCU and start it from a power 
off condition. RES must be held “Low” for at least 20ms when 
power is on. It should be noted that, before clock generator 
stabilizing, the internal state and I/O ports are uncertain, be- 
cause MCU can not be reset without clock. To reset the MCU 
during system operation, it must be held “Low” at least 3 sys- 
tem clock cycles. From the third cycle on, all address buses 
become “High” with RES at “Low” level. Detecting “High” 
level, MPU does the following. 

(1) 1/0 Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE, $FFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to have the MPU 
recognize the maskable interrupts IRQ, and IRQ, clear it 
beforehand. 





@ Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF. 


© Non maskable Interrupt (NMI) 

When the input signal of this pin is recognized to fall, NMI 
sequence starts. The current instruction may be continued to 
the last if NMI signal is detected as well as the following IRQ; 
interrupt. Interrupt mask bit in Condition Code Register has no 
effect on NMI. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address $FFFC and $FFFD will occur to 
load the contents to the program counter and branch to a non 
maskable interrupt service routine. 

Inputs IRQ;, and NMI are hardware interrupt lines sampled 
by internal clock. After the execution of instructions, start the 
interrupt routine in synchronization with E. 








© Interrupt Request (1RQ, ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The MPU will wait receiving 
the request until it completes the current instruction that being 
executed before it recognizes the request. At that time, if the 
interrupt mask bit in Condition Code Register is not set, MPU 
begins interrupt sequence; otherwise, interrupt request is neg- 
lected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the MPU sets the interrupt bit so 
that no further maskable interrupts may occur. 





Table 1 Interrupt Vectoring memory map 
Interrupt 
Highest 
Priority 
Software Interrupt (SWI) 
IRQ, (or ($3) 
ICF (Timer Input Capture) 
OCF (Timer Output Compare) 
TOF (Timer Overflow) 
Lowest 
Priority SCI (RORF + ORFE + TORE) 


At the end of the cycle, the MPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
locates the contents in Program Counter to branch to an 
interrupt service routine. 

The Internal Interrupt will generate signal (IRQ; ) which is 
quite the same as IRQ, except that it will use the vector address 
SFFFOto$FFF7. 

When IRQ, and IRQ, are generated at the same time, the 
former precede the latter. Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Independently of the Mask Bit condition, the MPU will start 
an interrupt sequence. The vector for this interrupt will be 
SFFEE, $FFEF. 





The following pins are available only for Port 3 in single chip 
mode. 
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@ input Strobe (IS3) (SC; ) 

This signal controls IS3 interrupt and the latch of Port 3. 
When detected the signal fall, the flag of Port 3 Control Status 
Register is set. 

For respective bits of Port 3 Control Status Register, see the 
I/O PORT 3 CONTROL STATUS REGISTER section. 


© Output Strobe (OS3) (SC.) 

This signal is used to strobe to an external device, indicating 
effective data is on the I/O pins. The timing chart for Output 
Strobe are shown in figure 5. 


The following pins are available for Expanded Modes. 


@ Read/Write (R/W) (SC) 

This TTL compatible output signal indicates peripheral and 
memory devices whether MCU is in Read (‘‘High’’), or in Write 
(“Low”). The normal stand-by state is Read (“High”). Its 
output will drive one TTL load and 90pF. 


@ 1/0 Strobe (10S) (SC;) ane. 
In expanded non multiplexed mode 5 of operation, IOS 
decodes internally Ag to A,s as zero’s and Ag as a one. This 
allows external access up to 256 addresses from $0100 to 
$01FF in memory. The timing chart is shown in Figure 2. 


@ Address Strobe (AS) (SC, ) 

In the expanded multiplexed mode, address strobe appears at 
this pin. It is used to latch the lower 8 bits addresses 
multiplexed with data at Port 3 and to control the 8-bit latch by 
address strobe as shown in Figure 18. Thereby, I/O Port 3 can 
become data bus during E pulse. The timing chart of this signal 
is shown in Figure 1. 


= PORTS 

There are four I/O Ports on HD6301V1 MCU (three 8-bit 
ports and one 5-bit port). 2 control pins are connected to one of 
the 8-bit port. Each port has an independent write-only data 
direction register to program individual I/O pins for input or 
output.* 

When the bit of associated Data Direction Register is “1”, 
I/O pin is programmed for output, if “0”, then programmed for 
an input. 

There are four ports: Port 1, Port 2, Port 3, and Port 4. 
Addresses of each port and associated Data Direction Register 
are shown in Table 2. 

* Only one exception is bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 


Table 2 Port and Data Direction Register Addresses 


Port Address 









Data Direction 
Register Address 





1/0 Port 1 $0002 $0000 
(1/0 Port 2 $0001 
1/0 Port 3 $0004 


1/0 Port 4 


@ 1/0 Port 1 

This is.an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 


be read accurately, the voltage on the input lines must be more 
than 2.0V for logic ‘*1” and less than 0.8V for logic “0”. 

These are TTL compatible. After the MCU has been reset, all 
I/O lines are configured as inputs in all modes except mode 1. 
In all modes other than expanded non multiplexed mode, mode 
1, Port 1 is always parallel 1/O. In mode 1, Port 1 will be output 
line for lower order address lines (Ay to A7). 


@ 1/0 Port2 

This port has five lines, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic ‘‘1” and less than 0.8V for logic 
“0”. After the MCU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (pins 10,9, 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5), which is expanded in the MODE SELECTION 
section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial [/O and the Timer. However, 
note that bit 1 (P,,) is the only pin restricted to data input or 
Timer output. 


®@ 1/0 Port 3 
This is an 8-bit port which can be configured as I/O lines, a 
data bus, or an address bus multiplexed with data bus. Its 
function depends on hardware operation mode programmed by 
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus 
is bi-directional. For an input from peripherals, regular TTL 
level must be supplied, that is greater than 2.0V for a logic “1” 
and less than 0.8V for a logic “0”. This TTL compatible 
three-state buffer can drive one TTL load and 90pF. In the 
expanded Modes, data direction register will be inhibited after 
Reset and data flow will be dependent on the state of the R/W 
line. Port 3 in each mode assumes the following characteristics. 
Single Chip Mode’ (Mode 7): Parallel Inputs/Outputs—as 
programmed by its corresponding Data Direction Register. 
There are two control lines associated with this port in this 
mode, an input strobe (1S3) and an output strobe (OS3), both 
being used for handshaking. They are controlled by I/O Port 3 
Control/Status Register. Additional 3 characteristics of Port 3 
are summarized as follows: 
(1) Port 3 input data can be latched using [$3 (SC,) asa 
control signal. 
(2) OS3 can be generated by MPU read or write to Port 3’s 
data register. 
(3) IRQ, interrupt can be generated by an IS3 negative 
edge. 
Port 3 strobe and latch timing is shown in Figs. 5 and 6, 
respectively. 


1/0 Port 3 Control/Status Register 


7 6 5 4 3 2 1 0 
1s3 LATCH 
iS3 ae 
IRQi 
$OOOF | FLAG | ENABLE ENABLE 


Bit 0 Not used. 
Bit 1 Not used. 
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Bit 2 Not used. 
Bit3 LATCH ENABLE. 


Bit 3 is used to control the input latch of Port 3. If the bit is 
set at “1”, the input data on Port 3 is latched by the falling edge 
of IS3. The latch is cleared by the MCU read to Port 3; it can 
now be latched again. Bit 3 is cleared by a reset. : 
Bit 4 OSS (Output Strobe Select) 

This bit identifies the cause of output strobe generation: a 
write operation or read operation to I/O Port 3. When the bit is 
cleared, the strobe will be generated by a read operation to Port 
3. When the bit is not cleared, the strobe will be generated by a 
write operation. Bit 4 is cleared by a reset. 

Bit 5 Not used. 
Bit 6 IS3 ENABLE. 

If the IS3 flag (bit 7) is set with bit 6 set, an interrupt is 
enabled. Clearing the flag causes the interrupt to be disabled. 
The bit is cleared by a reset. 

Bit 7 IS3 FLAG. 

Bit 7 is a read-only bit which is set by the falling edge of IS3 
(SC, ). It is cleared by a read of the Control/Status Register fol- 
lowed by a read/write of I/O Port 3. The bit is cleared by reset. 
Expanded non multiplexed mode (mode 1,5) 

In this mode, Port 3 becomes data bus. (Dp to D7) 

Expanded Multiplexed Mode (mode 0, 2, 4, 6) 

Port 3 becomes both the data bus (Dp ~ D7) and lower bits 
of the address bus (Ag ~ A7). An address strobe output is true 
when the address is on the port. 





@ 1/0 Port 4 

This is an 8-bit port that becomes either I/O or address 
outputs depending on the operation mode selected. In order to 
be read accurately, the voltage at the input lines must be greater 
than 2.0V for a logic “1”, and less than 0.8V for a logic “0”. 
For outputs, each line is TTL compatible and can drive one TTL 
load and 90pF. After reset, this port becomes inputs. To use 
these pins as addresses, they should be’ programmed as outputs. 

In each mode, Port 4 assumes following characteristics. 
Single Chip Mode (Mode 7): Parallel Inputs/Outputs as 
programmed by its associated data direction register. 

Expanded Non Multiplexed Mode (Mode 5): In this mode, 
Port 4 becomes the lower address lines (Ag to A, ) by writing 
“1s on the data direction register. 

When all of the eight bits are not required as addresses, the 
remaining lines can be used as I/O lines (Inputs only) starting 
with the MSB. 

Expanded Non Multiplexed Mode (Mode 1): In this mode, Port 
4 becomes output for upper order address lines (Ag to Ais). 
Expanded Multiplexed Mode (Mode 0, 2, 4): In this mode, Port 
4 becomes output for upper order address lines (Ag to Ais) 
regardless of the value of data direction register. The relation 
between each mode and I/O Port 1 to 4 is summarized in Table 
3. 


® MODE SELECTION 
The operation mode after the rest must be determined by the 
user wiring the 10, 9, and 8 externally. These three pins are 
lower order bits; I/O 0, I/O 1, I/O 2 of Port 2. They are latched 
into the programmed control bits PCO, PC1, PC2 in I/O Port 2 
iat when reset goes “High”, I/O Port 2 Register is shown 
elow. 


Port 2 DATA REGISTER 
7 6 5 4 3 2 1 i] 
wos [om] [oer] ioe 


An example of external hardware used for Mode Selection is 
shown in Fig. 13. During reset, the HD14053B is available to 
separate the peripheral device from the MCU. It is necessary 
where the data conflict can occur between peripheral device and 
Mode generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 are for read only. The mode selection of 
the HD6301V1 is shown in Table 4. 

The HD6301V1 operates in three basic modes: (1) Single Chip 
Mode, (2) Expanded Multiplexed Mode (compatible with the 
HMCS6800 peripheral family), (3) Expanded Non Multiplexed 
Mode (compatible with HMCS6800 peripheral family) 


@ Single Chip Mode 

In the Single Chip Mode, all ports will become I/O. This is 
shown in figure 15. In this mode, SC1, SC2 pins are configured 
for control lines of Port 3 and can be used as input strobe (IS3) 
and output strobe (OS3) for handshaking data. 


@ Expanded Multiplexed Mode 

In this mode, Port 4 is configured for I/O (inputs only) or 
address lines. The data bus and the lower order address bus are 
multiplexed in Port 3 and can be separated by the Address 
Strobe. 

Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parailel 
1/O. In this mode, HD6301V1 is expandable to 65k words (See 
Fig. 16). 


@ Expanded Non Multiplexed Mode 

In this mode, the HD6301V1 can directly address HMCS680Q 
peripherals with no external logic. In mode 5, Port 3 becomes a 
data bus. Port 4 becomes Ag to Ay, address bus or partial 
address bus and I/O (inputs only). Port 2 is configured for a 
parallel I/O, Serial I/O, Timer or any combination thereof. 

Port 1 is configured as a parallel I/O only. 

In this mode, HD6301V1 is expandable to 256 locations. In 
the application system enough with fewer addresses, idle pins of 
Port 4 can be used as I/O lines (inputs only) (See Fig. 17). 

In mode 1, Port 3 becomes a data bus and Port 1 becomes 
Ao to A, address.bus, and Port 4 becomes Ag to A,s5 address 
bus. 

In this mode, the HD6301V1 is expandable to 65k words 
with no external logic. 


@ Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 
address bus in Port 3 in the expanded multiplexed mode, 
address bits must be latched. It requires the 74LS373 Trans- 
parent octal D-type to latch the LSB. Latch connection of 
the HD6301V1 is shown in Figure 18. 
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Figure 13 Recommended Circuit for Mode Selection 
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P,, (PCO) 
P,, (PC1) 
P,, (PC2) 


Note 1) Figure of Mode 7 
2) RC~Reset Constant 
3) R, =10k2 


Truth Table 


Control input 


On Switch 
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Figure 14 HD14053B Multiplexers/De-Multipiexers 





Enable 
ONMI 
STBY O IRQ, 
RES 
Port 1 Port 3 
81/0 Lines 8 1/0 Lines 
Port 3 
1/0 Strobes 
Port 4 Port 2 
8 1/0 Lines 5 1/0 Lines 
sci 
Timer 


Figure 15 HD6301V1 MCU Single-Chip Mode 


MCU Port 3 






Port 1 8 Lines 

8 1/0 Lines Multiplexed 
Data/Address 

Address Strobe 
hohe Port 4 
see 8 Address 
i Lines or 

ee 8 1/0 Lines 

(Inputs Only) 


Vss 


Figure 16 HD6301V1 MCU Expanded 
Multiplexed Mode 
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Vee Vee 





$ $s 
kote Beets HD6301V1 
‘ort 
; Port 1 MCU Port 3 
8 Parallel 1/0 8 Date Lines To 8 Addréss Lines 8 Date Lines 
Port 2 Port 4 Port 2 
Port 4 
5 Parallel t/O 8 Address 5 Paraiiel 1/0 8 Address 
scl Lines or scl Lines 
Timer 8 1/0 Lines Timer 
(Inputs Only) 
(a) Mode 5 {b) Mode 1 
Figure 17 HD6301V1 MCU Expanded Non Multiplexed Mode 
GNO 
AS 
ee Perna ee Function Table 


Address/Data ttt 


Beta Be es 





Output 
Control 





Data: 0,~0, 


Figure 18 Latch Connection 


@® Summary of Mode and MCU Signal 
This section gives a description of the MCU signals for the 
various modes. SC, and SC, are signals which vary with the mode 


that the chip is in. 


Table 3 Feature of each mode and lines 





PORT PORT 2 PORT — PORT 4 
SINGLE CHIP 1$3 (I) | OS3 (0) 
| sso nee 
(Ao ~ Az) R BUS* 
EXPANDED MUX 1/0 ie) DATA BUS (As~ Ais) AS(O) | R/WiO) 
(Do ~ Dz) 
DATA BUS | ADDRESS BUS* | ~~ 
EXPANDED | Mode 5 vo (Do ~-Dz) (Ao Ar) iOS(O) | R/WiO) 
ADDRESS BUS DATA BUS | ADDRESS BUS 
NON-MUX | Mode 1 (Ao Ar) (Do Dr) (Ae Ars) Not Used} R/W(O) 











*These lines can be substituted for 1/O (Input Only) starting with the MSB (except Mode 0, 2, 4). 


= Input is3. = Input Strobe sc = Strobe Control 
O = Output OS3 = Output Strobe AS = Address Strobe 
R/W = Read/Write {OS = I/O Select 
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Table 4 Mode Selection Summary 
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QO 


, Pp Interrupt Bus 
4) (PCO) Vectors Mode 






Operating 
Mode 





Single Chip 








mMux(4) 





Multiplexed/Partial Decode 








nmux(4) 





Non-Multiplexed/Partial Decode 








Multiplexed/RAM 
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Not Used 
Multiplexed/RAM 
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LEGEND : (NOTES) 








Multiplexed Test 
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MUX 
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L 
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@ Memory Map 


— Internal 
-— External 


— Logic 
— Logic 


— Multiplexed 
— Non-Multiplexed 


“Q" 


age 


1) Internal RAM is addressed at $0080. 

2) Internal ROM is disabled. 

3) Reset vector is external for 3 or 4 cycles after 
RES goes “‘high’’. 

4) Idle lines of Port 4 address outputs can 
be assigned to Input Port. 


The MCU can provide up to 65k byte address space 
depending on the operating mode. Fig. 19 shows a memory map 
for each operating mode. The first 32 locations of each map are 
for the MCU’s internal register only, as shown in Table 5. 


Table 5 Internal Register Area 

Register Address 
Port 1 Data Direction Register **** 00* 
Port 2 Data Direction Register **** 01 
Port 1 Data Register 02° 
Port 2 Data Register 03 
Port 3 Data Direction Register **** o4°° 
Port 4 Data Direction Register **** os**" 
Port 3 Data Register 06*° 
Port 4 Data Register o7°*° 


PRR A aA ere ee ee KN 














Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) 0B 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) 0D 
Input Capture Register (Low Byte) OE 
Port 3 Control and Status Register OF** 
eo 
Rate and Mode Contro! Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register | 13 
RAM Control Register 14 
Reserved 15-1F 


* External address in Mode 1 
** External address in modes 0, 1, 2, 4, 6; cannot be 
accessed in Mode 5 
*** External address in Modes 0, 1,2, 4 
**** 4 = Output, 0 = Input 
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HD6301V1 HD6301V1 
Mode Mode 


Multiplexed Test mode Non-Multiplexed/Partial Decode 


$0000'1) py 
YY Internal Registers Internal Registers 
$001F & 
ee External Memory Space ae External Memory Space 


External Memory Space 
External Memory Space 


Internal ROM 


$FEFF(2) Internal Interrupt Vectors(2 $FFFF 


[NOTES] {NOTE] 
1) Excludes the following addresses which may be Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and $OF. used externally; $00, $02, $04, $05, $06, $07 
2) Addresses $F FFE and $FFFF are considered and $OF. 
external if accessed within 3 or 4 cycles after a 
positive edge of RES and internal at all other times. 
After 3 or 4 MPU cycles, there must be no overlapping 
of internal and external memory spaces to avoid 
driving the data bus with more than one device. 
This mode is the only mode which is used for 
testing. 





(to be continued) 


Figure 19 HD6301V1 Memory Maps 
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HD6301V1 HD6301V1 HD6301V1 
Mode Mode Mode 


Multiplexed/RAM Non-Multiplexed/Partial Decode 


$0000 YY  y Internal Registers as ZL Internal Registers 


$001F 


External Memory Space Unusable 


$0080 


$0080 YY | Internal RAM 
YY Internal RAM SOOF F 
Y $0100 


SOOFF Extercal Memory Space 
SO1FF 


Unusable 
External Memory Space 


Internal ROM 


SFFFF 
SFFEF Internal Interrupt Vectors 


{NOTE] Excludes the following address which 
may be used externally; $04, $05, $06, 
$07, SOF. 


[NOTE] Excludes $04, $06, SOF. 
These address cannot be used 
externally. 





(to be continued) 


Figure 19 HD6301V1 Memory Maps 
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HD6301V1 
Mode 


Multiplexed/Partial Decode 


ee YUU} Internal Registers 
eee cat External Memory Space 


$0080 Yj Internal RAM 


$OOF F 


External Memory Space 


Internal Interrupt Vectors 


$FFFF 


[NOTE] 
Excludes the following address which may be 
used externally: $04, $06, SOF. 


$0000 
$001F 


$0080 


$OOF F 








HD6301V1 
Mode 


? Internal Registers 


Unusable 


Internal RAM 


Unusable 


tnternal ROM 


Internal Interrupt Vectors 


Figure 19 HD6301V1 Memory Maps 


240 @ HITACHI 





= PROGRAMMABLE TIMER 

The HD6301V1 contains 16-bit programmable timer and used 
to make measurement of input waveform. In addition independ- 
ently it can generate an output waveform by itself. For both 
input and output waveform, the pulse width may vary from a 
few microseconds to many seconds. 
The timer hardware consists of 

*an 8-bit control and status register 

-a 16-bit free running counter 

- a 16-bit output compare register, and 

-a 16-bit input capture register 
A block diagram of the timer is shown in Figure 20. 


HD6301V1 Internal Bus 








{ Output input 
Level Edge 
Bai BLO 

Port 2 Port 2 


Figure 20 Programmable Timer Block Diagram 


@ Free Running Counter ($0009: $000A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
MPU software at any time desired with no effects on the 
counter. Reset will clear the counter. 

When the MPU writes arbitrary data to the MSB of $09, then 
value of $FFF8 is being pre set to the counter ($09, $0A) 
indepently of the write data value. When the MPU writes 
arbitrary data to the LSB ($0A), the data is set to the “Low”, 
on the other hand, the data preceedingly written in “High” byte 
is set to “High”. 

The counter value written to the counter using the double 
store instruction is shown in Figure 21. 





Counter ' FFF8 


(5AF3 written to the counter) 


Figure 21 Counter Write Timing 


* To write to the counter can disturb serial operations, so it should 
be inhibited during using the SCI. 
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© Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is ‘‘1” (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit should be changed to 
control an output level again on the next compare values. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle writing to 
the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited 
in same manner at writing to the counter. 


@ Input Capture Register (S000D: SO00E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter obtained when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to gate in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
0 of Port 2 must have been cleared (to zero), 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


© Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8 bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information below. 

(1) A proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register (ICF). 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag may contains an individual enable bit in TCSR 
where controls whether or not an interrupt request may be 
output to internal interrupt signal (IRQ,). If the I-bit in 
Condition Code Register has been cleared, a priority vectored 
address occurs corresponding to each flag being set. A descrip- 
tion of each bit is as follows. 





Timer Control / Status Register 


7 6 5 4 3 2 1 Oo 
[er [ce [ror [ne [von] era] woofour] snr 


Bit 0 OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set “1”, the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (Input Edge); This bit control which transition 
of an input of Port 2 bit O will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be clear in advance of using this function. 
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When IEDG = 0, trigger takes place on a negative 
edge (“High”-to-“Low” transition). When IEDG = 
1, trigger takes place on a leading edge (‘‘Low’’-to- 
“High” transition). 

ETO! (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request (IRQ.) but when clear, the 
interrupt is inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ, ), when clear, the interrupt 
is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request (IRQ,) but when clear, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
when the counter value is $0000. It is cleared by 
MPU read of TCSR (with TOF set) following an 
MPU read of the counter ($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) 
following an MCU write to the output compare 
register ($000B or $000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by 
a proper transition on the input, and is cleared by 
a read of TCSR (with ICF set) followed by an 
MPU read of Input Capture Register ($000D). 

Reset will clear each bit of Timer Control and Status 

Register. 


Bit 2 











= SERIAL COMMUNICATION INTERFACE 

The HD6301V1 contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate and comprises a transmitter and a receiver 
which operate independently on each other but with the same 
data format at the same data rate. Both of transmitter and 
receiver communicate with the MPU via the data bus and with 
the outside world, through Port 2 bit 2, 3 and 4. Description of 
hardware, software, register is as follows. 


@ Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the 
non-selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is triggered by a ten consecutive “1”’s which 
indicates an idle transmit line. Therefore software protocol 
needs an idle period between the messages. 

With this hardware feature, the non-selected MPU be 
re-enabled (or “wakes-up”) for the appearing next message. 


a he 


@ Programmable Option 
The HD6301V1 has the following optional features provided 
for its Serial 1/O. They are all programmable. 


- data format ; standard mark/space (NRZ) 

- clock source ; external or internal 

- baud rate ; one of 4 rates per given MPU E clock frequency 
or 1/8 of external clock 


- wake-up feature ; enabled or disabled 
- interrupt requests ; enabled or masked individually for 
transmitter and receive data registers 

internal clock enabled or disabled to Port 

2 bit 2 

+ Port 2 (bits 3,4) ; dedicated or not dedicated to serial 
1/O individually for receiver and 
transmitter 


« clock output ; 


© Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 22. The registers include: 

* an 8-bit control/status register 

+a 4bit rate/mode control register (write-only) 

+ an 8-bit read-only receive data register 

- an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 


@ Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits 0 to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS register are defined as follows. 


Transmit / Receive Control Status Register 


7 6 5 4 3 2 1 0 
ror[onee| one] we [ ve [ve] ve | we Joon 
$0011 


Bit 0 WU (Wake Up); Set by software and clear by hardware 
on receipt of ten consecutive ‘1s. It should be 
noted that RE flag has already set in advance of 
WU flag’s set. 

Bit 1 TE (Transmit Enable); Set to produce preample of 
ten consecutive “1”s and to enable the data of 
transmitter to output subsequently to the Port 2 
bit 4 independently of its corresponding DDR 
value. When clear, serial I/O affects nothing on 
Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set 
with TDRE (bit 5) set, it will permit an IRQ, 
interrupt. When clear, TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit. When clear, the serial I/O affects nothing on 
Port 2 bit 3. 

Bit 4 RIE (Receive Interrupt Enable); When this bit is set 
with bit 7 (RDRF) or a bit 6 (ORFE) set, it will 
permit an IRQ,. When clear, IRQ, interrupt is 
masked. 

Bit 5 TDRE (Transmit Data Register Empty); When the data 
transfer is made from the Transmit Data Register 
to Output Shift Register, it is set by hardware. The 
bit is cleared by reading the status register and 
followed by writing the next new data into the 
Transmit Data Register. TDRE is initialized to 1 
by RES. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), it is set by 
hardware. Over Run Error occurs if the attempt is 
made to transfer the new byte to the receive data 
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register with the RDRF set. Framing Error occurs 
when the bit counters are not synchronized with 
the boundary of the byte in the bit stream. The bit 
is cleared by reading the status register and 
followed by reading the receive data register, or by 
RES. 


Bit7 
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Bit 7 RDRF (Receive Data Register Full); It is set by hardware 
when the data transfer is made from the receive 
shift register to the receive data register. It is 
cleared by reading the status register and followed 
by reading the receive data register, or by RES. 


Rate and Mode Control Register Bit O 


ee Ce 


Transmit/Receive Control and Status Register 





Port 2 


Recewe Data Register 


Receive Shift Register 


Transmit Shift Register 






$12 





(Not Addressable) 






Bit Rate 
Generator 








(Not Addressable) 





Transmit Data Register 


Figure 22 Serial 1/O Register 


7 6 5 4 3 2 1 0 
DT TxD [occ [sr [] s00n: si 


Transfer Rate / Mode Control Register 


Table 6 SCI Bit Times and Transfer Rates 





4.9152MHz 










2.4576 MHz 
feaer eae Soest Se 
26 us/38,400 Baud 
208s/4,800 Baud 
1.67ms/600 Baud 


6.67ms/150 Baud 


1.2288MHz 
13. «s/76,800Baud 
104.24s/ 9,600Baud 
833.3us/ 1,200Baud 
3.333ms/ 300Baud 












16  yus/62,500 Baud 
128 us/7812.5 Baud 
1.024ms/976.6 Baud 
4.096ms/244.1 Baud 









Table 7 SC! Format and Clock Source Control 





CC1: CCO 
Internal 
Internal 


-—= = © 
—~ OO — 


External 


* Clock output is available regardiess of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = ‘’1"' in TRCS. 
Bit 4 is used for serial output if TE = 1’ in TRCS. 





Clock Source 










Port 2 Bit 2 Port 2 Bit 4 


Port 2 Bit3 











Not Used 
Output * 
Input 
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@ Transfer rate/Mode Control Register (RMCR) 
The register controls the following serial I/O variables: 
* Bauds rate + data format * clock source 
* Port 2 bit 2 feature ae 
It is 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 
oh = Speed Select 
These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency within the 
MPU. Table 6 lists the available Baud Rates. 
Bit 2 CCO 


Bit 3 CCl Clock Control/Format Select 


They control the data format and the clock select logic. 


Table 7 defines the bit field. 


@ Internally Generated Clock 

If the user wish to employ externaly a internal clock for the 
serial I/O, the following requirements should be noted. 

* The values of RE and TE have no effect. 

*CC1, CCO must be set to “10”. 

* The maximum clock rate will be E/16. 

* The clock is once the bit rate. 


@ Externally Generated Clock 
If the user wish to supply an external clock for the Serial 
1/0, the following requirements should be noted. 
*The CC1, CCO, field in the Rate and Mode Control Register 
must be set to “11” (See Table 7). 
*The external clock must be set to 8 times the desired baud 
rate. 
*The maximum external clock frequency is E/2 clock. 


@ Serial Operations 

The serial I/O hardware must be initialized by the HD6301V1 
software prior to operation. The sequence will be normally as 
follows. 

* Writing the desired operation control bits to the Rate and 

Mode Control Register. 

* Writing the desired operation control bits to the TRCS 

register. 

If using Port 2 bit 3, 4 for serial I/O, TE, RE bits may be 
preserved set. When TE, RE bit cleared during SCI operation, 
and subsequently set again, it should be noted that the setting 
of TE, RE must refrain for at least one bit time of the current 
baud rate. If set within one bit time, there may be the case 
where the initializing of internal function for transmit and 
receive does not take place. 


®@ Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 
register. When set, gates the output of the serial transmit shift 
register to Port 2 bit 4 which is unconditionally configured as an 
output irrespectively of corresponding DDR value. 

Following RES the user should configure both the RMC 
register and the TRCS register for desired operation. Setting the 
TE bit during this procedure causes a transmission of ten-bit 
preamble of “1”s. Following the preamble, internal synchroni- 
zation is established and the transmitter section is ready to 
operate. Then either of the following states exists. 

(1) If the transmit data register is empty (TDRE = 1), the 


consecutive “1s are transmitted indicating an idle lines. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output shift 
register and data transmission begins. 

During the data transfer, the O start bit is first transferred. 
Next the 8-bit data (beggining at bit0) and the stop bit. When 
the transmit data register has been empty, the hardware sets the 
TDRE flag bit: If the MCU fails to respond to the flag within 
the proper time, TDRE is preserved set and then a 1 will be sent 
(instead of a O at start bit time) and more 1s will be set succes- 
sively until the data is supplied to the data register. While the 
TDRE remains a “1”, no “0” will be sent. 


@ Receive Operation 

The receive operation is enabled by the RE bit, gating the 
serial input through Port 2 bit 3. The receive section operation 
is conditioned by the contents of the TRCS and RMC register. 
In the normal non-biphase mode, the received bit stream is 
synchronized by the first “‘O” (space). During 10-bit time, the 
approximate center is strobed. If the tenth bit is not “‘1” (stop 
bit), the system assumes a framing error and the ORFE is set. 

If the tenth bit is “1”, the data is transferred to the receive 
data register, with the interrupt flag set. If the tenth bit of the 
next data is received, however, still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the MCU read of the status register as a response to 
RDRF flag or ORFE flag, following the MCU read of the receive 
data register, RDRF or ORFE will be cleared. 


= RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 
information about standby RAM. 


RAM Control Register 
2 6 5 4 3 2 1 C) 

oo EES ES ESE 

Bit O Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable. 

Using this control bit, the user can disable the RAM. 
RAM Enable bit is set on the positive edge of RES and RAM is 
enabled. With the program control, it is capable of writing “1” 
or “Q”. With the disabled RAM (logic “0’’), the RAM address 
becomes external address and the MPU may read the data from 
the outside memory. 

Bit 7 Standby Bit 

This bit is cleared when the V., voltage is removed. This bit 

is a read/write status flag that user can read. If this bit is pre- 


served set, indicating that V., voltage is applied and the 
data in the RAM is valid. 


= GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6301V1 has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the change instruction of the index and the accumulator, 
the sleep instruction are added. This section describes: 
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*MCU programming model (See Fig. 23) 
* Addressing modes 


* Accumulator and memory manipulation instructions (See 
Table 8) 


* New instructions 

*Index register and stack manipulation instructions (See 
Table 9) 

* Jump and branch instructions (See Table 10) 


*Condition code register manipulation instructions (See 
Table 11) 
* Op-code map (See Table 12) 


* Cycle-by-Cycle Operation (See Table 13) 


@ MCU Programming Model 

The programming model for the HD6301V1 is shown in Fig- 
ure 23. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 






OF g.et Accumutators A and B 


18 PC O] Program Counter (PC) 


? 9 

BoongnEauo Condition Code Register (CCR) 
Carry /Borrow from MSB 
Overflow 
Zero 
Negative 
interrupt 
Halt Carey (From Bit 3) 


Figure 23 MCU Programming Model 


@ MCU Addressing Modes 

The HD6301V 1 has seven address modes which depend on 
both of the instruction type and the code. The address mode for 
every instruction is shown along with execution time given in 
terms of machine cycles (Table 8 to 12). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 Bytes in the machine 
ie; locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user’s data realm. These are 


two-byte instructions except the AIM, OIM, EIM and TIM each 
have three. 


Extended Addressing 
In this mode, the second byte indicates the upper 8 bit 
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addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, this carry 
is added to the upper 8 bits in the Index Register. The result is 
used for addressing memory. Because the modified address is 
held in the Temporary Address Register, there is no change to 
the Index Register. These are two-byte instructions but AIM, 
OIM, EIM, TIM have three. 
tmplied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of —126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 
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Table 8 Accumulator, Memory Manipulation Instructions 








Condition Code 
Register 


[s [4 [3] 2|1 Jo 





Addressing Modes 











Operations 





Boolean/ 


IMMED | OIRECT INDEX |EXTEND | IMPLIED Arithmetic Operation 








[or |- [+ [ov] ~ [+ [or |~[ Jor |~|#]o°]~[« [v[z |v] 

ad [aon fae lel ejems faye a fon aia UL aemmen nee 

[~aoos [ee }2{2|oa|s [2les|«|2|re]«|3| | | lerm—e BOGE 

had Dovbie | av00 [es |3]3[oa/a|zjes{s|2|ra[s|3| | | [a:s+mimei-ae [ele [i]s [t/t 

Add Accumulators| ABA | | | | | | | | | | | | [weii[v[a+e~a_ [et felsfi|e]s 

aad with Carry |_apca —|es |2l2 a |sl2|aale|2lea leis] | | jarmecma [tle |s{e[r is 

[aves lee |2 [2 [oe[s[2feelal2|rol«[3| | | [ermec~e |r fe|s]e[e fs 

iB [anon [ea |2t2 [se [3[2|aelal2leaa[a] | | lam—a_ [ele |+ [|r 

favo foslalateelataleetebeterlals| Ut leweet = elalel ale 

Bit Ton Tarra tes [2 [2 re[2 les [a[a( | | jaw ‘def [s [taf 

ana fenlslaieetaielela oasis alee = — eave las 

Clow Tor | 11] | | derlsieeisis{ | [fom fe le|n[s |r 

y cra | | TT TTT Pe Ty fat ti ti foo-a ele iris |RiA 

Te A eG 

cana ows far fala or fa far ete ter feta ele pefe els 

[ewre [cr 2 atevfelsy | | OOggGE 

fecurul a 
Accumulators 

Complement, vs | com | ||| | | jejej2(afels| | | |w=m [ee [t/t yrs 

| coma [| [UT [ TT Tt Tey ft fasta ft fawa [ele tet [Ads 

[coms [ttt ttt [lt [fst ess ide fe ee iris 

Complement, 2's | NEG | | [| | | | [60 /6[2{70 [6{/3/ | | [oo-m-™M le je [t] t |O/® 

(Negate race OO be ne 00-A=A fete etohs 

ae aul CLs theleo-e>e fe le ee lole 

seb eee 

Decrement Fl a = ICSC ee CCT 

em Cdl Ce eee ODI 

ce SC OT eee OI II 

ae See Cea ISI 

MB AEB ECHL CN ST TEL 

oe A Gee Ie BIC Eee CI 

ener Se et et oe clan eae —— eels 

Ga GR A (Cer eas CHIE 

Load uoaa__|ae [2/2 [96 {3 [2 |as[4[2 lec [4 [3] | | je [e jt] 3 [R[e 

dccimuinor | toae Jos [2/2 fools [ates [a]? re lela] |] [w=8 Teele f> 

seimaar | 00 fec|a|sloc|«falec|s|z|rc[s|s| | | [wer-am-a [+ [e|s]t Re 

Muttiow Unsigned | wor | ||| |11 ||] |] [sj7[jare-ae _|e[ele[e [ola 

OR, Inclusive | ORAA [@a|?[2|aal3|2[aala[2leala|s] | | [a*M=aA _[e[e|?[# [Ale 

[~onas_|cala|2|oals2jeal|2ieala|s| | | jesw=e  _|e|e[e[t Aye 

Push Data | PsHaA tT OT TT rT TT ET OT [96 [4] [A~ Me, sp-1 se [ele lelelele 

fesns ft TTP PI) Py Ly [arf fem, 36-15" [elo lele lols 

ce ee Se ce eo 

[rus | ttt TIP Py t Piasls[r|se+1= sr, mo8  lelo, : 

Rowen | rou | ||| | | felel2|o lela} | | Iu BOaBOE 

Prova TTT TTT Tit 1 | coo Peer 

Troe | TT tt] [Pt ete GOgHOE 

Rotate Right | Ron | | |] | | | feejejaimefels] | [ym fe [elt]? lols 

rene TE a) SREY Pete 

Pros | Ti) 1 tf (If tt feet ti® GOgEOE 


Note) Condition Code Register will be explained in Note of Table 11. {to be continued) 
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Table 8 Accumulator, Memory Manipulation Instructions 








Condition Code 


Addressing Modes Register 































































































[| am || [af | 
| om | | | [zie [3 
| em | | | [7s[6{3i6s/ 7/3] 


And Immediate 
OR immediate 
EOR Immediate 


an 


Operations Mnemonic | immeo | DIRECT | INDEX [EXTEND | IMPLIED wiierces Oeeciiee [s[4[3[2[1[o 
or |~[+ [or [= BOoagE 
= 7am ol a 
eienmnesic Asta Pa et a 
__[ asta at ee ae a) 
emetic: | eo | TTT LT TL | | etl 
Shift Right | ase | | | [| | fez [6 [2 |77 [6 [3 | 
anteoeve agra TT TT TT TLE I 
ASRB nintinmartaa 
Shift Right LSR | | | | fea Jo ]2 ]74 fe [3 | 
ee oo coe eaaeaeae | 
LSRB Lo ole seis 
Bowie i | Lb SRR 1 meee 0 || |e) JO): 
Store STAA 97 a7{4|2{e7{4[3[ | | jase tele |e] eins 
Accumulator STAB fev{4f2ie7{4/3; | [| BM pe fe ft} [R] ws 
Store Double | sto Jools |zfeo|s {2 |ro[s|s) | | fe=me. ede fe [ere 
area [a loos [2 [aol [2 feol« la] | | [a-m—a DOOD 
ubtract SUBA 80 
eek ee a ee B-M-+B fe fele[s[s[s 
Double Subtract, | sued [a3 {3/3 jos [4 [2 /az/s[2|a3|s/3| | | [A:e-m:m+1-a:e [ele |s|3/3 [2 
Subtract ee og A-BoA efe fe fe [e | t 
Accumulators 
Subtract 192 |3 | [4 [2 | | A-M-C+A pete is [t [| : 
With Carry [o2[3 [2 /e2/4|2|F2]413| | | [B-M-c-8 RORREE 
“Tancter edb obs aide 16 fifi fans pies As 
Accumulators ++ ++ 84 IB+A __fefe|t|¢ [rie 
Test Zero or TST || |] TT feofat2|rofals] | [ [m-o =e fe s [s [RR 
ee oe 
| sts tT Tt TT TT [so] B - 00 COG 
is}ei{7/3/ | | {| [2 | 
fe2{7/3] | [|] | it | 
ee ee 
| 


Test Immediate 


pom ff 78] 4} 3jee | 5/3 


| 


Note} Condition Code Register will be explained in Note of Tabie 11, 


@ New Instructions 
In addition to the HD6801 Instruction Set, the HD6301V1 

has the following new instructions: 

AIM ----(M) + (IMM) > (M) 
Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM---- (M) + (IMM) > (M) 
Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 

EIM----(M) @ (IMM) > (M) 
Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 


@ HITACHI 


TIM----(M) + (IMM) 
Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 

second is immediate data, the third is address modifier. 

XGDX-- (ACCD) # (IX) 
Exchanges the contents of accumulator and the index 
register. 

SLP----The MPU is brought to the sleep mode. For sleep 
mode, see the “sleep mode”’ section. 
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Table 9 Index Register, Stack Manipulation Instructions 









































Addressing Mode: Condition Code 
ig : Boolean/ Register 

Pointer Operations | IMMED. | DIRECT | INDEX [EXTEND | IMPLIED | Arithmetic Operation is|4{3f2]1] 0 
lop |~[#| op |~ | # [op [~| # [or [~] [~ [# | [HIN iz[vic 
Compare Index Reg x foe Sts ae a fe ac fet? fect 7 peletr|s || $ 
Decrement Index Reg r{ | [4 fejele[s le] bd 
Decrement Stack Pntr gE Y | fe lelelele| bs 
Increment Index Reg 4 an felelelsle| © 
Increment Stack Pntr |_| | | [ | 11 | pelelelele| *: 
Load Index Reg LDx foe feels i felel@|+ [Rie 
Load Stack Pntr LOS [AE | | | [ele l@fs [R] ° 
Store Index Reg STX a See foe lols [rR] - 
Store Stack Pntr STS |_| [a{2lar{s|2jer{s{[3{ | | | fe [eo lols [R] : 
index Rog Stack Pree] txs | | 1] ||] 1] 11] [|i] [x-i-s googoc 
Stack Pner— index Reg] TSx | [TT | Tt tT tT | sofas sest~x Teele lelele 
Add [SADR iid he ot = ali|i |eex-x efoto lolele 
Push Data 3c Xi My, SP~ 1+ SP ° 

PP TTT TT TPP eee PPT 
Pull Data PULX SP + 1 SP, Mg, > XH e 

TTT TTT EP rc Peel 
Exchange | xeox | TTT tie tit ty fsfetsfacconx  [efefefelele 


Note} Condition Code Register will be explained in Note of Table 11. 


Table 10 Jump, Branch Instruction 


Addressing Modes cone peril coms 
galls |Revative | oinect | INDEX [EXTEND |impLico | FrarchTest == st a al2[i[o 
| op| ~| # [op] ~] # [op|~ | # |or |~ |# [op] ~| # | LH] iin |zivic 
Branch Always | BRA | 20] 3| phe fs Pe fh Nong. = | Sele lelers 
Branch Never | BRN [21/3] Pt | it ttt tf [None felelelelele 
Branch If Carry Clear | BCC 3 ae 





ea 
Q 
: 


c=0 ils fe fele 
eels 


N@v=0 
Z+(N@v)=0 le |e 


| C+2Z=0 
Z+(N@V)#1 
——+~ 


Branch If Carry Set | secs [25{ 3] 
| Bea | 27/3] 


Branch If = Zero 
Branch If > Zero BGE | 2c | 3 | 
Branch If > Zero BGT 


Branch if Higher | BMI | 22 | 
Branch if < Zero 


Branch If Lower Or 
Same BLS 23 


Branch If < Zero 
Branch If Minus 


Branch If Not Equal 
Zero 


Branch If Overflow 
Clear 


Branch If Overflow Set 
Branch If Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

















oo 











C+Z=1 








e 
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See Special Operations 








Advances Prog. Cntr. 


No Operation 





Return From Interrupt] RTI 


C) 


Return From 
Subroutine RTS 


Software Interrupt 
Wait for Interrupt® 
Sleep ee ee ee ee eee 


) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of Table 11. 


See Special Operations 





~ 
m 


rele fap | e 





| 

a 

ai 

a 

a 

a 

i 

= 

a 

# 

El 

il 

id 

| 

il 
Bical 
Oogs 


Note 


@ HITACHI 


Operations 


Clear Carry 

Clear Interrupt Mask 
Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 
Accumulator A -- CCR 
CCR — Accumulator A 
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Table 11 Condition Code Register Manipulation Instructions 





Condition Code Register 


Boolean Operation 





























[NOTE] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


(Bit V) 
(Bit C) 
(Bit C) 
(Bit V) 
(Bit V) 
(Bit V) 
(Bit N) 


(Bit I) 


S@ ©O@8@@H000 


(Bit C) 


oP 
CODE 
HI 0000 | 000! 

Lo 0 1 
0000 SBA 
000 NOP | CBA 
0010 
[0011 


| ot00 | 00 LSRD 


(All Bit) 


(All Bit) 


|| BHI 
eee = 


Test: 
Test: 
Test: 
Test: 
Test: 
Test: 
Test: 
Load Condition Code Register from Stack. 


Result = 10000000? 

Result § 00000000? 

BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
Operand = 10000000 prior to execution? 

Operand = 01111111 prior to execution? 

Set equal to N@®C=1 after the execution of instructions 

Result less than zero? (Bit 15=1) 


Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exist the wait 
state. 


Set according to the contents of Accumulator A. 


Result of Multiplication Bit 7=1? (ACCB) 


oo10 rai [10 Tro ae [ort | 10 | mii ni 
Cs ie Te Ds ee eR Da i ee Te 
Ll eee 


BRA | TSX NEG 


Table 12 OP-Code Map 


ACC a EXT ACCA or SP ACCB or X 7 
CMM] Loin [INO | ExT, 

















PULB li COM SUBD ADDD 
OES LSR AND 








Orol | 





0110 | 10 TAP | TAB 


| AsLo |] Bcs 


BNE 


PSHA ROR LDA 


nn 
+ 
EP SS |S 


TXS real EIM BIT 








TPA | TBA 





BEQ 


PSHB | ASR STA | STA 


+ 





BVC 


| PuLX ASL EOR 
—+-— 











BVS 


+ 


RTS ROL ADC 


+ 









BPL | ABX DEC QRA 


oo 





BMI 


Dirlolain|a 


+ 


RTI a | TIM ADD 








BGE | PSHX INC CPX LDD 





s/s lels(alE 2 a|alS(El8§ 





4 


MUL TST BSR | JSR STD 








JMP LDS LDX 























am olo 











CLR sts STX 
[5 [67 Qa Be te te eee ee. 








UNDEFINED OP CODE C=) 
* Only each instructions of AIM, OIM, EIM, TIM 
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@ Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each in- 
struction counts the number of cycles taken between the start 
of the current instruction fetch and just before the start of the 
subsequent instruction fetch. 

The HD6301V1 employs a mechanism of the pipeline con- 
trol for the instruction fetch and the subsequent instruction 
fetch is performed during the current instruction being exe- 





cuted. 

Therefore, the method. to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction cy- 
cles such as MULT, PULL, DAA and XGDX in the HD6301V1. 

Table 13 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


Table 13 Cycle-by-Cycle Operation 




















pie peasutinas . Cycles “ve Address Bus R/W Data Bus 
IMMEDIATE 
ADC ADD 1 Op Code Address + 1 1 Operand Data 
AND BIT 2 Op Code Address+2 1 Next Op Code 
CMP EOR 2 
LDA ORA 
SBC SUB 
ADDD CPX 1 Op Code Address + 1 1 Operand Data (MSB) 
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB) 
LDX SUBD 3 Op Code Address+3 1 Next Op Code 
DIRECT 
ADC ADD 1 Op Code Address+ 1 1 Address of Operand (LSB) 
AND BIT 2 Address of Operand 1 Operand Data 
CMP EOR 3 3 Op Code Address+2 1 Next Op Code 
LDA ORA 
SBC SUB 
STA 1 Op Code Address+ 1 1 Destination Address 
3 2 Destination Address 0 Accumulator Data 
3 Op Code Address+2 1 Next Op Code 
ADDD CPX 1 Op Code Address+ 1 1 Address of Operand (LSB) 
LDD LDS 4 12 Address of Operand 1 Operand Data (MSB) 
LDX SUBD 3 Address of Operand+ 1 1 Operand Data (LSB) 
4 Op Code Address+2 1 Next Op Code 
STD STS 1 Op Code Address+ 1 1 Destination Address (LSB) 
STX 4 2 Destination Address oO Register Data (MSB) 
3 Destination Address+ 1 0 Register Data (LSB) 
4 Op Code Address+2 1 Next Op Code 
JSR 1 Op Code Address+1 1 Jump Address (LSB) 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer Oo Return Address (LSB) 
4 Stack Pointer—1 0 Return Address (MSB) 
5 Jump Address 1 First Subroutine Op Code 
TIM id 1 Op Code Address+ 1 1 Immediate Data 
4 2 Op Code Address+2 1 Address of Operand (LSB) 
3 Address of Operand 1 Operand Data 
4 Op Code Address+3 1 Next Op Code 
AIM EIM 1 Op Code Address+ 1 1 Immediate Data 
OIM 2 Op Code Address+2 1 Address of Operand (LSB) 
6 3 Address of Operand 1 Operand Data 
4 FFFF 1 Restart Address (LSB) 
5 Address of Operand 0 New Operand Data 
6 Op Code Address+3 1 Next Op Code 
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— Continued — 


Address Mode & 
Instructions 


Cycles 


Table 13 Cycle-by-Cycle Operation (Continued) 


Cycle 


Address Bus 


HD6301V1, HD63A01V1,HD63B01V1 


R/W 


Data Bus 


I 6 SN elec re me LA | ra 


INDEXED 


i 


JMP 


—_ 


Op Code Address+ 1 


Offset 






































3 2 FFFF 1 Restart Address (LSB) 
3 Jump Address 1 First Op Code of Jump Routine 
ADC ADD 1 Op Code Address+ 1 1 Offset 
AND BIT 2 FFFF 1 Restart Address (LSB) 
CMP EOR 4 3 IX+ Offset 1 Operand Data 
LDA ORA 4 Op Code Address+2 1 Next Op Code 
SBC SUB 
TST 
STA 1 Op Code Address+ 1 1 | Offset 
4 2 FFFF 1 Restart Address (LSB) 
3 IX+ Offset 0 Accumulator Data 
4 Op Code Address+ 2 1 Next Op Code 
ADDD ae Op Code Address+1 1 Offset 
CPX LDD 2 FFFF 1 Restart Address (LSB) 
LDS LDX 5 3 IX+ Offset 1 Operand Data (MSB) 
SUBD 4 IX+Offset+ 1 1 Operand Data (LSB) 
5 Op Code Address+2 1 Next Op Code 
STD STS 1 Op Code Address+ 1 jou Offset 
STX 2 FFFF 1 Restart Address (LSB) 
5 3 1X+ Offset 0 Register Data (MSB) 
4 IX+ Offset+ 1 0 Register Data (LSB) 
5 Op Code Address+2 1 Next Op Code 
JSR 1 Op Code Address+ 1 1 Offset 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer (@) Return Address (LSB) 
4 Stack Pointer—1 0 Return Address (MSB) 
5 IX+ Offset 1 First Subroutine Op Code 
ASL ASR 1 Op Code Address+ 1 1 Offset 
COM DEC 2 FFFF 1 Restart Address (LSB) 
INC LSR 6 3 IX+ Offset 1 Operand Data 
NEG ROL 4 FFFF 1 Restart Address (LSB) 
ROR 5 IX+ Offset 0 New Operand Data 
L 6 Op Code Address+ 1 1 Next Op Code 
TIM 1 Op Code Address+ 1 1 Immediate Data 
2 Op Code Address+2 1 Offset 
5 3 FFFF 1 Restart Address (LSB) 
4 1X + Offset 1 Operand Data 
5 Op Code Address+ 3 1 Next Op Code 
CLR 1 Op Code Address+ 1 1 Offset 
2 FFFF 1 Restart Address (LSB) 
5 3 IX+ Offset 1 Operand Data 
4 IX + Offset 0 00 
5 Op Code Address+2 1 Next Op Code 
AIM EIM 1 Op Code Address+ 1 1 Immediate Data 
OIM 2 Op Code Address+2 1 Offset 
3 FFFF 1 Restart Address (LSB) 
7 4 IX+ Offset 1 Operand Data 
5 FFFF 1 Restart Address (LSB) 
6 IX + Offset 0 New Operand Data 
7 1 


Op Code Address+3 
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Table 13 Cycle-by-Cycle Operation (Continued) 




















aot aia & Cycles mee Address Bus R/W Data Bus 
EXTEND 
JMP 1 Op Code Address+ 1 1 Jump Address (MSB) 
3 2 Op Code Address+2 1 Jump Address (LSB) 
3 Jump Address 1 Next Op Code 
ADC ADD TST 1 Op Code Address +1 1 Address of Operand (MSB) 
AND BIT 4 2 Op Code Address+2 1 Address of Operand (LSB) 
CMP EOR 3 Address of Operand 1 Operand Data 
LDA ORA 4 Op Code Address+3 1 Next Op Code 
SBC SUB 
STA 1 | Op Code Address + 1 1 Destination Address (MSB) 
4 2 Op Code Address+2 1 Destination Address (LSB) 
3 Destination Address 0 Accumulator Data 
4 Op Code Address+3 Pe hee Next Op Code 
ADDD 1 Op Code Address+1 1 Address of Operand (MSB) 
CPX LDD 2 Op Code Address +2 1 Address of Operand (LSB) 
LDS LDX 5 3 Address of Operand 1 Operand Data (MSB) 
SUBD 4 Address of Operand+ 1 1 Operand Data (LSB) 
5 Op Code Address+3 1 Next Op Code 
STD STS | 4 Op Code Address+ 1 1 Destination Address (MSB) 
STX 2 Op Code Address +2 1 Destination Address (LSB) 
5 3 Destination Address (e) Register Data (MSB) 
4 Destination Address+ 1 O Register Data (LSB) 
5 Op Code Address+3 1 Next Op Code 
JSR 1 Op Code Address+ 1 1 Jump Address (MSB) 
2 Op Code Address+2 1 Jump Address (LSB) 
6 3 FFFF 1 Restart Address (LSB) 
4 Stack Pointer (@) Return Address (LSB) 
5 Stack Pointer—1 (0) Return Address (MSB) 
6 Jump Address 1 First Subroutine Op Code 
“ASL ASR | 1 | Op Code Address+1 1 Address of Operand (MSB) 
COM DEC 2 Op Code Address+2 1 Address of Operand (LSB) 
INC LSR 6 3 Address of Operand 1 Operand Data 
NEG ROL 4 FFFF 1 Restart Address (LSB) 
ROR 5 Address of Operand 0 New Operand Data 
6 Op Code Address+3 1 Next Op Code 
CLR 1 | Op Code Address+1 1 Address of Operand (MSB) 
2 Op Code Address+2 1 Address of Operand (LSB) 
5 3 Address of Operand 1 Operand Data 
4 Address of Operand 0 00 
5 Op Code Address+3 1 Next Op Code 
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— Continued — 


Table 13 Cycle-by-Cycle Operation (Continued) 


HD6301V1, HD63A01V1,HD63B01V1 























“Address Mode& 1.2. |Cvclel RT 
Address Meds & Cycles Cycle Address Bus R/W Data Bus 
Instructions # 
IMPLIED 
ABA ABX 1 Op Code Address+ 1 1 Next Op Code 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
CCM DEC 
DES DEX 
INC INS 
INX LSR 1 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
DAA XGDX 2 1 Op Code Address+ 1 1 | Next Op Code 
2 FFFF a tl] Restart Address (LSB) 
PULA PULB 1 Op Code Address+ 1 1 Next Op Code 
3 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer+ 1 1 Data from Stack 
PSHA PSHB 1 Op Code Address+ 1 1 Next Op Code 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Accumulator Data 
4 Op Code Address+ 1 1 Next Op Code 
PULX j Op Code Address + 1 1 Next Op Code 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer+1 1 Data from Stack (MSB) 
4 Stack Pointer +2 1 Data from Stack (LSB) 
PSHX 1 Op Code Address+1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer (0) Index Register (LSB) 
4 Stack Pointer—1 0 index Register (MSB) 
5 Op Code Address+ 1 1 Next Op Code 
RTS 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer+1 1 Return Address (MSB) 
4 Stack Pointer +2 1 Return Address (LSB) 
5 Return Address 1 First Op Code of Return Routine 
MUL 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 FFFF 1 Restart Address (LSB) 
7 4 FFFF 1 Restart Address (LSB) 
5 FFFF 1 Restart Address (LSB) 
6 FFFF 1 Restart Address (LSB) 
7 FFFF 1 Restart Address (LSB) 
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Table 13 Cycle-by-Cycle Operation (Continued) 






































Address Mode & Cycles ' Cycle Address Bus R/W Data Bus 
Instructions | # 
IMPLIED 
WAI 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer—1 ¢] Return Address (MSB) 
9 5 Stack Pointer —2 0] Index Register (LSB) 
6 Stack Pointer—3 ce) Index Register (MSB) 
7 Stack Pointer —4 0 Accumulator, A 
8 Stack Pointer—5 0 Accumulator B 
9 Stack Pointer —6 | 0 Conditional Code Register 
RTI 1 | Op Code Address+1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 1 Conditional Code Register 
4 Stack Pointer+ 1 1 Accumulator B 
10 5 Stack Pointer+2 1 Accumulator A 
6 Stack Pointer+3 1 Index Register (MSB) 
7 Stack Pointer+4 1 Index Register (LSB) 
8 Stack Pointer +5 1 Return Address (MSB) 
9 Stack Pointer +6 1 Return Address (LSB) 
10 Return Address 1 First Op Code of Return Routine 
SWI yf 1 Op Code Address+ 1 1 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer — 1 0 Return Address (MSB) 
5 Stack Pointer — 2 0) Index Register (LSB) 
12 6 Stack Pointer — 3 (0) Index Register (MSB) 
7 Stack Pointer — 4 Oo Accumulator A 
8 Stack Pointer —5 oO Accumulator B 
9 Stack Pointer — 6 ce) Conditional Code Register 
10 Vector Address FFFA 1 Address of SWI Routine (MSB) 
11 | Vector Address FFFB 1 Address of SWI Routine (LSB) 
12 Address of SWI Routine | 1 First Op Code of SWI Routine 
SLP 1 Op Code Address+ 1 71 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
| FFFF High Impedance-Non MPX Mode 
Address Bus -MPX Mode 
4 i 
3 FFFF Restart Address (LSB) 
4 Op Code Address+ 1 Next Op Code 
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Table 13 Cycle-by-Cycle Operation (Continued) 


Address Mode & 





; Cycles Cycle Address Bus R/W Data Bus 
Instructions # 
RELATIVE 
BCC BCS 1 Op Code Address+ 1 1 Branch Offset 
BEQ BGE 3 2 FFFF 1 Restart Address (LSB) 
BGT BHI 3 lie Address: Test="1" 1 First Op Code of Branch Routine 
BLE BLS Op Code Address+1-:-Test="0" Next Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
"BSR 1 Op Code Address +1 1 Offset 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer—1 (@] Return Address (MSB) 
5 Branch Address 1 First Op Code of Subroutine 











= LOW POWER CONSUMPTION MODE 
The HD6301V1 has two low power consumption modes; sleep 
and standby mode. 


®@ Sleep Mode 

On execution of SLP instruction, the MCU is brought to the 
sleep mode. In the sleep mode, the MPU sleeps (the MPU clock 
becomes inactive), but the contents of the registers in the MPU 
are secured. In this mode, the peripherals of MPU will remain 
Operational. So the operations such as transmit and receive of 
the SCI data and counter may keep on functioning. In this 
mode, the power consumption is reduced to about 1/6 the 
value of a normal operation. 

The escape from this mode can be done by interrupt, RES, 
STBY. The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the MPU and accepted, the sleep mode escapes, 
then the MPU is brought to the operation mode and vectors to 
the interrupt routine. When the MPU has masked the interrupt, 
after releasing from the sleep mode, the next instruction of 
sleep starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 











MPU. 

This sleep mode is available to reduce an average power 
consumption in the applications of the HD6301V1 which may 
not always drive. 


®@ Standby Mode 

‘Bringing STBY “Low”, the MPU becomes reset with all 
clocks of the HD6301V1 inactive and goes into the standby 
mode. This mode remarkably reduces the power consumptions 
of the HD6301V1. 

In the standby mode, the HD6301V1 is continuously supplied 
with power so the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 

First, NMI routine stacks the MCU’s internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the Standby bit, and then goes into the standby 
mode. If the Standby bit keeps set on reset start, it means 
that the power supply and the contents of RAM is normally 
guaranteed. The system recovery may be possible by returning 
SP and bringing into the condition before the standby mode 
has started. The timing relation for each line in this application 
is shown in Figure 24. 





° Stack Oscillator 
© RAM control starting 
register set time 


restart 


Figure 24 Standby Mode Timing 
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= ERROR PROCESSING 

When the HD6301V1 fetches an undefined instruction or 
fetches an instruction from nonresident memory area, it 
generates the most precedent internal interrupt, that may 
protect from system burst due to noise or a program error. 


@ Op-Code Error 

Fetching an undefined op-code, the HD6301V1 will stack the 
MPU register as in the case of a normal interrupt and vector to 
the TRAP ($FFEE, $FFEF), that has a second highest priority 
(RES is the highest). 


@ Address Error 

When an instruction is fetched from other than a resident 
ROM, RAM, or an external memory area, the MPU starts the 
same interrupt as op-code error. In case where the instruction is 
fetched from external memory area of non-resident memoty, it 
cannot function. 

The addresses which cause address error in particular mode 
are as shown in Table 14. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 


Table 14 Address Error 











System Flow chart of HD6301V1 is shown in Fig. 25. 


Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Fig. 26. Figures 27, 28, 29 and 30 
shows a system configuration. 
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VECTORING 
FFEE, FFEF 


RESET 


'VECTORING| PC + PC-1 
(A) FFFE-FF 


YES PC —PC-1 


<ira?> YES 
<TRAP> YES PCH — MSP-1 








NO XL — MSP-2 
aoe IXH > MSP-3 
NO EXECUTE ACCA +MSP-4 
YES INSTRUCTION ACCB -MSP-5 
GIF 
NO CCR — MSP-6 
YES 
Le (c) 
EXECUTE 


in YES 
ic! 
<jro2> 

No 
(A) 











































VECTORING 
FFF2, FFF3 


VECTORING 
FFFO, FFF1 


VECTORING 
FFF6, FFF7 


VECTORING 
FFF4, FFFS 


VECTORING 
FFFC, FFFD 


NMI INTERRUPT 
REQUEST FLAG 
CLEAR 


VECTORING 
FFFA, FFFB 


VECTORING 
FFF8, FFF9 

















INTERRUPT REQUEST FLAG 
EXCEPT NMI CLEAR 


Figure 25 HD6301V1 System Flow Chart 
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Figure 26 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 


Vec 


Vec 





Enable 
NMI- 
——— TRG, 
Sey Port 3 : 
RES 8 Transfer 
Lines 
Port 1 HD6301V1 HD6301V1 Port 1 
81/0 8 1/O Lines 
Lines 
Port 4 Port 2 Port 2 Port 4 
8 1/0 Lines 5 1/0 Lines 5 1/0 Lines 8 1/0 Lines 


scl sci 


16 Bit Timer 16 Bit Timer 


Vss Vss 


Figure 27 HD6301V1 MCU Single-Chip Dual Processor Configuration 
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HD6301V1 
i MCU 
Strobe 






Enable 





















Random 
Access 
Memory 


Peripheral 
Interface 
Adapter 







eneral 
Purpose 

Interface 
Adapter 





Address Data 
Bus Bus Address Bus Data Bus 
Figure 28 HD6301V1 MCU Expanded Non-Multiplexed Mode Figure 29 HD6301V1 MCU Expanded Multiplexed Mode 


(Mode 5) 






HD6301V1 MCU 


im 
fe] 


Address Bus Data Bus 


Figure 30 HD6301V1 MCU Expanded Non-Multiplexed Mode (Mode 1) 
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= PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 
As shown in Fig. 31, there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are set near the 
oscillation circuit. When designing a board, pay attention to 
this. 









1 
2 (XTAL) 


3 (EXTAL) 


HD6301V1 


~---------|----+4---Signal line 
~-~-------]---~-]--~ -— Signal line 





Figure 31 Precaution to the boad design of 
oscillation circuit 


= PIN CONDITIONS AT SLEEP AND STANDBY STATE 
@ Sleep State 

The conditions of power supply pins (pins 1 and 21), clock 
pins (pins 2 and 3), input pins (pins 4, 5, 6 and 7) and E clock 
pin (pin 40) are the same as those of operation. Refer to Table 
15 for the other pin conditions. 


@ Standby State 

Only power supply pins (pins 1 and 21) and STBY pin (pin 7) 
are active. As for the clock pin EXTAL(pin3), its input is fixed 
internally so the MCU is not influenced by the pin conditions. 
XTAL (pin 2) is in “1” output. All the other pins are in high 
impedance. 


® DIFFERENCE BETWEEN HD6301V0 and HD6301V1 

The HD6301V1 is an upgraded version of the HD6301V0. 
The difference between HD6301V0 and HD6301V1 is shown 
in Table 16. 


Table 16 Difference between HD6301V0 and HD6301V1 


HD6301V0 


Mode 2: Not defined 






HD6301V1 


Mode 2: Expanded 
Multiplexed Mode 
(Equivalent to Mode 4) 


Some characteristics 
are improved. 

The 2MHz version is 
guaranteed. 






Operating 
Mode 










The electrical character- 
istics of 2MHz version 

(B version) are not speci- 
fied. 


Has problem in output 
compare function. 

(Can be avoided by soft- 
ware.) 


Electrical 
Character- 
istics 













Timer The problem is solved. 





Table 15 Pin Condition in Sleep Mode 






























































































ae Function 1/O Port Lower Address Bus | I/O Port 
‘ort 
Pio~P ed Keep the condition uaqe Keep the condition 
= " Condiuon just before sleep Output’d just before sleep = 7 
: Function 1/0 Port < - - 
Port 2 — 
P2o~Px | Condition Keep the condition Pa Pa pm < a 
just before sleep 
= or 
E: Lower Address E: Lower Address €: Lower Address 
Function Bus Data Bus Bus Data Bus Bus 1/O Port 
poe 2 E: Data Bus E: Data Bus E: Data Bus _ 
30~R37 = r _— = 
fe E: Output “1” F E: Output “1” 7 E€: Output “1” Keep the condition 
i Pondition £: High Impedance High Impedance £: High Impedance Bight Impedance E: High Impedance | just before sleep 
. Lower Address Bus | Upper Address Bus 
Function | Upper Address < - input Port Input Port | 1/0 Port 
Port 4 Address Bus: Out- 
Pag ~P put “1” wae 
meg Condition | Output “1” - < Port: Keep the con- - Ke the conaition 
eee just before sleep 
dition just before 
sleep 
i Output “1” << mye 
pine il (Read Condition) e ‘ - Output 
P Output Address mon qe Output Address . 
pin 39 Strobe < aa Output “1 Strobe Input Pin 
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MICROCOMPUTER SYSTEM 
HD6301X0, HD63A01X0, HD63B01X0 
CMOS MCU (Microcomputer Unit) 


The HD6301X0 is a CMOS single-chip microcomputer unit 
(MCU) which includes a CPU compatible with the HD6301V1, 
4k bytes of ROM, 192 bytes of RAM, 53 parallel I/O pins, a 
Serial Communication Interface (SCI) and two timers on chip. 


— PRELIMINARY — 


HD6301X0P, HD63A01X0P, 
HD63B01XOP 


@ FEATURES 
@ tnstruction Set Compatible with the HD6301V1 
@ Abundant On-chip Functions 
4k Bytes of ROM, 192 Bytes of RAM 
53 Parallel 1/O Ports 
16-Bit Programmable Timer 
8-Bit Reloadable Timer 
Serial Communication Interface (DP-64S) 
Memory Ready 
Halt HD6301X0F, HD63A01X0F, 
Error-Detection (Address Trap, Op Code Trap) HD63B01 XOF 
@ Interrupts... 3 External, 10 Interna! 
@ Operation Mode 
Mode 1... Expanded (Internal ROM Inhibited) 
Mode 2... Expanded (Internal ROM Valid) 
Mode 3... Single-chip Mode 
® Low Power Dissipation Mode 
Sleep 
Standby 
@ Wide Range of Operation 
Vec=3~6V (f=0.1 ~0.5MHz). 
Voc = 5V£10% ( f = 0.5 ~ 1.0MHz; HD6301X0 sein 





f =0.5 ~ 1.5MHz; HD63A01X0 
f = 0.5 ~ 2.0MHz; HD63B01X0 


# PIN ARRANGEMENT 


HD6301X0 


HD6301X0 





(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage y 
Input Voltage 
Storage Temperature -55 ~ +150 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout: Vss S (Vin OF Vout) S Vec- 


< 


° 


C) 
QO 


typ 





nN 
oO 


= Und 
ro) w 


i 
Oo 
N 


@ DC CHARACTERISTICS (Ve = 5.0Vt10%, Vsg = OV, Ta = 0~+70°C, unless otherwise noted.) 
V 
lon = ~200HA 
Output “‘High” Voltage All Outputs 
Output ‘‘Low” Voltage All Outputs = 1, 
Current Ports 2,6 Vout = 1.5V 
Cc 


® ELECTRICAL CHARACTERISTICS 
RES, STBY Vec-0.5 
Input “High” Voltage EXTAL Vecx0.7 
Other inputs : 
NMI, RES, STBY, 20Bx 
Input Leakage Current MP,, MP, . Port 5 ttn! | Vin = 0.5 ~ Vec-0.5V 
Three State (off-state) ey 
Leakage Current Ports 1,2, 3, 4,6, 7 Vin = 0.5~ Vec-0.5V 
lon = -10UA Vec 
lot = 1.6mA 
Darlington Drive lon 
Input Capacitance All Inputs ca ee. = 1MHz, 
Standby Current Non Operation | tere | SSS 


lat 


Operating (f = 1.5MHz**) 
Operating (f = 2MHz**) 


"Vin min = Vec-1.0V, Vi_ max = 0.8V 


IH 

IL 

OH 

OL 

in 

KEE 

Current Dissipation* 
lec 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 


typ. value (f =x MHz) =typ. value (f= 1MHz) xx 
max. value (f = x MHz) = max. value (f = 1MHz) xx 


(both the sleeping and operating) 


***1o1 p indicates the value when E terminal is at no load. 
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Unit 


uA 


vA 


mA 


pF 


LA 
mA 
mA 
mA 
mA 
mA 
mA 
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® AC CHARACTERISTICS (Vcc = 5.0V110%, Vsg = OV, Ta = 0~+70°C, unless otherwise noted.) 


BUS TIMING 

Cycle Time | 1 | - | 10 [oees] - | 10 | 05 | — | 10 | us 
Enable Rise Time [ter | | - | - | 2%] - | - | 2%] - | - | 267] ns 
Enable Fall Time | - | - | 2 | - | - [2] - | - | 2 [ os 
Enable Pulse Width “High” Level” | 450 | - | - [| 300] - [| - | 220] - | - | os 
Enable Pulse Width “Low” Level* | 450 | — | - | 300} - | — | 220/ - | - | ns 
Address, R/W Delay Time® [tap | | - | - | 250| - | —- | 190{ - | - | 160] ns 
Data Delay Time | - | - | 200} - | - | eo] - | - | 120] ns 
Date Sevup Time emacs eee ene Lenin 
Address, R/W Hold Time® [tan | | eo jj - | - | eo] -|- | 4) -|- [m2 
Sg a a 

fo {| -{|-]o}]-]-]o]-|-I|ns 
RD, WR Pulse Width® | 450 | - | - | 300| - | - | 220] - | - | ns 
RD, WA Delay Time Paka eee ee eee ee 
RD, WA Hold Time | - | - | 30] - | - | 20] - | - | 20 [ os 
CIR Delay Time | = | — | 200] - | - | teo| - [| — | 120] ns 
LIR Hola Time P10 | ~ {= | of - | - [iT - [= [ns 
MR Setup Time* | 400 { - | - | 20] - | - | 200] - | - | ns 
MR Hold Time* yt oe ge ns 
E Clock Pulse Width at MR peepee PO res ee ee eo oe 
Processor Control Set-up Time idee || AEST 200 NP sess|| -  ton0t | I) |) 00" |e | ns 
Processor Control Rise Time fos tbat Pee fee -_ 
Processor Control Fall Time | - | - | 100] - | | - | - | ns 
BA Delay Time | Fig 3 | - | - | 250[ - | - | 190] - | — | 160] 1s 
Oscillator Stabilization Time ie | Fig. 11 | 20 | —- | -— { 20 | - | - | 20; - { - | ms 
Reset Pulse Width Gp a teye 


* These timings change in proportion to teyc. The figures in this characteristics represent those when teyc is minimum 
(= in the highest speed operation). 


PERIPHERAL PORT TIMING 















Unit 


Symbol | HDE301x0__ 
Condition | min | typ | max | min | typ | max | min | typ_| max | 


pone mw [rs [ao [= [aw [fom 
Peripheral Dat 
cama [meaane vos |e [|| [=| [lo] —[— 


Delay Time (Enable Ports 1, 2, 
Negative Transition to 3, 4,6, ‘7 | tewo Fig. 6 300 300 300 
Peripheral Data Valid) 






Peripheral Data 


Set-up Time ns 
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TIMER, SCI TIMING 


Test i 
i Sympel | condition [min [ typ | eee ease faa a : 


Timer 1 Input Pulse Width eC teyc 
Earl seo pee fer Tt est = Te = ae : 
SCI Input re, ries [10 | - | - [ro] - | - [10 | teye 
Clock Get as Hite pee =p tp ta 


SCI Transmit Data Delay t fe 
Time (Clock Sync. Mode) TXD 
SCI Receive Data Set-up i oe 
Time (Clock Syne. Mode) SRX 
SCI Receive Data Hold Time t on 
(Clock Sync. Mode) HAX 


np fee [= [on [oe |= [os [ee | = [os | om 
Timer 2 Input Clock Pulse 


Timer 2 Input Clock Cycle | teeye | 
Width | trwrex 


Timer 1°2, SCI Input Clock | texe | 
Rise Time | texe | 


Timer 1*2, SCI Input Clock tena _| 
Fall Time SKE 


= BLOCK DIAGRAM 


Pol Tin} 
P2s(Tout)) 
Paa(SCLK) 
Pax(Rix) 
PaTx) 
Pas(Tout2) 
Pae(Tout3) 
Par(TCLK) 








ProfiRGh) 
Psi (fROa} 
Peri) 
PsaHALT) 
Pus 
Pas 
Pu 
Pu 


Pas/Ara 
Pas/Are 
Par/Ars 


i 
Port 6 DDR 
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tye > 


2.4V 
E PWei PWen 
0.8V 
tap ter ter tan 
ie i 2.4V S 
R/W 0.8V 


tHrw 


trawo PWaw 
ae DAV 
RD, WR ag 





topw tuw 

MCU Write 4 2.4V S 
Do~Dy7 0.8V 

tosr 


na tur 
MCU Read 2.0V » 
Do~D7 K 0.8V 


tir 





toir 


LIR 0.8V 


Figure 1 Mode 1, Mode 2 Bus Timing 


tsmrR 


MR 





tecr 


Figure 2 Memory Ready and E Clock Timing 
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Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 








Figure 3 HALT and BA Timing 


Synchronous Clock 


Transmit Data 


Receive Data 





* 2.0V is high level when clock input. 
2.4V is high teve! when clock output. 


Figure 4 SCI Clocked Synchronous Timing 


[= MCU Write 





E E 
P20~ P27 
Pso~Ps7 
Peo ~ Pez 
(Inputs) Pio~P17, P2o~P27 7 a4vV 
P30~ P37 P30~P37, Pao~Pa7 ogy Data Valid 
(Inputs) Peo~Pe7, P70~Pra : 

(Outputs) 

Figure 5 Port Data Set-up and Hold Times (MCU Read) Figure 6 Port Data Delay Times (MCU Write) 
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E 2.4V 








Timer 1 


hed N 00 
P21,P Hipe troop 
241, 725 2.4V _ 
Outputs 0.8V P2, Output aay, 


TCONR=N 
(a) Timer 1 Output Timing (b) Timer 2 Output Timing 
Figure 7 Timer Output Timing 
‘ Vee 
2.0V RL=2.2kQ 
Test Point 
0.8V 182074® 
tokr Cc R or Equiv. 
a * 
texe 
: en; : C=9Q0pF for Port 1, Port 3, Port 4, E 
alot 2:t Timer 1;tPwT ' 
scl. Heeve Timer 2; tpwWTCK =30pF for Port 2, Port 6, Port 7 
SCI; tpwSCK R=12kQ for Port 1~Port 4, Port 6, Port 7, E 
Figure 8 Timer 1°2, SCI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load) 
ragrin 
E 


\ | 
Acdvas Bul CD GD GHD GHD GED GED GHD GllD GHlD GilD GHD GD GED Gil GllD 


Op Code Op Code FFFF SP SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 Vector Vector New 
NMI, iRGi, Address Address+1 MSB_ LSB 


iROQ2, IRQs Oey Address Address Address 
: tecs 
Internal 
Data Bus - : . : 
oO Operand | PCO~ PC8~ !iXO~ 1X8- ACCA ACCB- CCR factor Vector First Inst. o' 
Code Op Code ised Peg Pevs IX? 6 MSB LSB Interrupt Routine 
Internal 
Read —— 
intaena Eee I amma aa Rg, ee ee 
Write 


Figure 10 Interrupt Sequence 
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FREE FFFE FFFF FFFF FFF FFFE FFEF New PC 


es 


a 


2O-—G PRR 


FFFF FFFF 





Rare ‘L-—_—_-—___—_—— 
Ks I PCS~ PCO~ First’ 


PC15 PC7 


Instruction 


Figure 11 Reset Timing 


= FUNCTIONAL PIN DESCRIPTION 
® Vcc, Vss 

Vec and Vgg provide power to the MCU with S5V+10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MCU can operate with three through six volts. Two Vsg pins 
should be tied to ground. 


® XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant 
crystal. Divide-by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is 1MHz for example. 

EXTAL pin is drivable with the external clock of 50% 
(+10%) duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 
be less than four times of the maximum operable frequency. 
When using the external clock, XTAL pin should be open. 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
Rs=602 max 
XTAL 
CI Cii=Cr2 
= 10pF~22pF+20% 
EXTAL (3.2 ~8MHz) 
Ci2 Cu 


Te the 


Figure 12 Example of Crystal Oscillator Connection 
Recommended 


Fig. 12 shows an example of the crystal oscillator connection. 
The crystal and C,;, C_2 should be mounted as close as possi- 
ble to XTAL and EXTAL pins. Any line must not cross the line 
between the crystal oscillator and XTAL, EXTAL. 


@ STBY 

This pin makes the MCU standby mode. In “Low” level, the 
oscillation stops and the internal clock is stabilized to make 
reset condition. To retain the contents of RAM at standby, 
“0” should be written into RAM enable bit (RAME). RAME 
is the bit 6 of the RAM/port 5 control register at $0014. RAM 
is disabled by this operation and its contents is sustained. 

Refer to “LOW POWER DISSIPATION MODE” for the 
standby mode. 


@ Reset (RES) 

This pin is used to reset the MCU from power OFF state 
and to provide a startup procedure. During power-on, RES 
pin must be held “Low” level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 

To reset the MCU during operation, RES should be held 
“Low” for at least 3 system-clock cycles. At the 3rd cycle 
during “Low” level, all the address buses become “High”. When 
RES remains “Low”, the address buses keep “High”. If RES 
becomes “High”, the MCU starts the next operation. 

(1) Latch the value of the mode program pins; MPy and MP). 

(2) Initialize each internal register (Refer to Table 5). 

(3) Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts TRQ;, IRQ; and IRQs, this bit should 
be cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
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(SFFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table 1). 

The MCU is unable to accept a reset input until the clock 
becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MCU and I/O pins are undefined. Please 
be aware of this for system designing. 


®@ Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 


®@ Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn’t 
affect non-maskable interrupt at all. ae 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine. At reset start, 


the stack pointer should be initialized on an appropreate mem- 
ory area and then the falling edge be input to NMI pin. 


@ Interrupt Request (IRQ, , 1RQ;) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At interrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQ, and IRQ, 
also as port pins Psp and Ps), so it provides an enable bit to 
Bit 0 and 1 of the RAM port 5 control register at $0014. Refer 
to “RAM/PORT 5 CONTROL REGISTER” for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or 
SIO is generated, the CPU produces internal interrupt signal 
(IRQ3). IRQs functions just the same as IRQ; or IRQ, except 
for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 





Table 1 Interrupt Vector Memory Map 


[se 188 
rere [Fer | 
Teree | Frer 
[Fro | FFFO 
Trea | FFFe 
Free | Frre 
FFF6 FFF7 
FFEC FFED 


Priority 


Highest 


Lowest 
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Interrupt 
RES 
TRAP 
NMI 
SWI (Software Interrupt) 
TRO; 
ICi (Timer 1 Input Capture) 
OCI (Timer 1 Output Compare 1, 2) 
TOL (Timer 1 Overflow) 
CMI (Timer 2 Counter Match) 
IRQ, 
SIO (RDRF+ORFE+TDRE) 
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Each Register’s Interrupt 
Enable Flag 
"1": Enable, ‘0; Disable 


RQ, 
IRQ2 
ICF 

OCF1 


OCF2 


IRQ3 


RORF 


ORFE 
TDRE 


2 


Detective 
Circuit 


Address Error 
Op Code Error 
Detective Circuit 


Swi 













Condition 
Code 
Register 
I-MASK 
“’O’' ;Enable 










Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 








Figure 13 Interrupt Circuit Block Diagram 


®@ Mode Program (MPo, MP,) 
These two pins decide the operation mode. Refer to “MODE 
SELECTION” for mode details. 


The following signal description is applicable only for the 
expanded mode. 
© Read/Write (R/W; P+.) 

This signal, usually be in read state (“High”), shows whether 
the MCU is in read (“High”) or write (“Low”) state to the 
peripheral or memory devices. This can drive one TTL load 
and 30pF capacitance. 


® RD, WR (Pr, Px) 
These signals show active low outputs when the CPU is 
reading/writing to the peripherals or memories. This enables 


the CPU easy to access the peripheral LSI with RD and WR 


input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 


® Load Instruction Register (LIR; P73) 

This signal shows the instruction opecode being on data 
bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 


@ Memory Ready (MR; Ps.) 

This is the input control signal which stretches the system 
clock’s “High” period to access low-speed memories. During 
this signal being in “High”, the system clock operates in normal 
sequence. But this signal in “Low’’, the “High” period of the 


system clock will be stretched depending on its “Low” level 
duration in integral multiples of the cycle time. This allows the 
CPU to interface with low-speed memories (see Fig. 2). 

When accessing internal address space or making invalid 
read, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch “High” 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as Ps. , an enable 
bit is provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for 
more details. 


@ Halt (HALT; P.;) 

This is an input control signal to stop instruction execution 
and to release buses free. When this signal switches to “Low”, 
the CPU stops to enter into the halt state after having executed 
the present instruction. When entering into the halt state, it 
makes BA (Px) “High” and also an address bus, data bus, RD, 
WR, R/W in high impedance. When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after the 
halt is cancelled. When halted during the sleep state, the CPU 
keeps the sleep state, while BA is “High” and releases the buses. 
Then the CPU returns to the previous sleep state when the 
HALT signal becomes “High”. 


© Bus Available (BA; P44) 

This is an output control signal which is normally “Low” 
but “High” when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA “High” and release the 
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buses at WAI execution, while the HD6301X0 doesn’t make 
BA “High” under the same condition. But if the HALT becomes 
“Low” when the CPU is in the interrupt wait state after having 
executed the WAI, the CPU makes BA “High” and releases the 
buses. And when the HALT becomes “High”, the CPU returns 
to the interrupt wait state. 








= PORT 

The HD6301X0 provides seven I/O ports (six 8-bit ports and 
a 5-bit port). Table 2 gives the address of ports and the data 
direction register and Fig. 14 the block diagrams of each port. 


Table 2 Port and Data Direction Register Address 


Port Data Direction Register 
Port 1 - 

Port 2 $0001 

Port 3 $0004 

Port 4 - 

Ports : 

Port 6 $0016 

Port 7 : 

@ Port 1 


An 8-bit port for output only. In mode 3, port 1 goes to high 
impedance during reset and keeps the state even after accepting 
reset cancellation. It continues till a write operation is made 


Port Write Signal 


Mode 3 


Data Bus 










Port Read 
Signal 
= = 


<] 





Tri-state 
Control 


Address Bus, 
Control Signal 
Port 1, Port 4, Port 7 


Port Write Signal 


Data Bus 


Tri-state 
Control 









Internal External Ad- 
Address Read dress Read 
a1: att 





CPU Internal Bus 


Port 3 


Port Read Signal 
Data Bus 


Port 5 


HD6301X0,HD63A01X0,HD63B01X0 


to port 1. When a write operation is made to port 1, the high 
impedance state shifts to the output state and the written data 
will be output. Once port 1 gets in the output state, it operates 
as an output till reset occurs. CPU can also read the value of the 
Port 1 data register, thus enables the CPU to use bit manipula- 


tion. 
In mode 1 and 2, port 1 acts as “Low” address buses. This 


port can drive one TTL load and 90pF capacitance. 
@ Port 2 

An 8-bit input/output port. The data direction register 
(DDR) of port 2 is responsible for I/O state. It provides two 
bits; bit O decides the I/O direction of P29 and bit 1 the I/O 
direction of P,; to P27 (“O” for input, “1” for output). 

Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P29 automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register’s value. 


Port 2 Data Direction Register 


7.6 5 4 3 2 1 0 
DDR] DDR 
et Ee ae ee 


A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF. In addition, 
it can produce ImA current when Vout = 1.5V to drive directly 
the base of Darlington transistors. 


Port Write Signal 
Port Output Enable 
pa Ea 








Data Bus 


Timer, SCI 
Output Enable 
he 





Timer 1, 2, 


SCI Output Tri-state 


Control 


Timer 1, 2, 
SCI Input 


Port 2 


Port Write Signal 


Data Bus 





Timer 1 Input 
(P25 only) 
Port 6, Port 2 (Bit 0) 


Figure 14 Port Block Diagram 
@ HITACHI 271 


HD6301 X0,HD63A01X0,HD63B01X0 ———__ A 


@ Port3 

An 8-bit 1/0 port. The DDR of port 3 is responsible for 
I/O state. It provides only one bit which decides I/O state by 
the byte (“0” for input and “1” for output). It is cleared during 
reset. 


Port 3 Data Direction Register 
7 6 5 4 3 2 1 0) 
Port3 
por | $0004 
@ Port4 


An 8-bit port for output only like Port 1. In mode 1 and 2, 
“High” address will be produced. 


@ PortS 
An 8-bit port for input only. The lower four bits are also 
usable as input pins for interrupt, MR and HALT. 


@ Port6 

An 8-bit I/O port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit (“O” for input, “1” for output). This port can drive one 
TTL load and 30pF. A reset clears the DDR of port 6. In 
addition, it can produce 1mA current when Vout =1.5V to 
drive directly the base of Darlington transistors. 


@ Port7 

A 5-bit port for output only. In mode 3, port 7 goes to high 
impedance during reset and keeps the state even after accepting 
reset cancellation. It continues till a write operation is made to 
port 7. When a write operation is made to port 7, the high 
impedance state shifts to the output state and the written data 
will be output. Once port 7 gets in the output state, it operates 
as an output till reset occurs. Port 7 can also read the value of 
the data register, thus enables the CPU to use the bit manipula- 
tion. 
_In mode 1 and 2, port 7 acts as outputs for control signals 
(RD, WR, R/W, LIR and BA). This port can drive one TTL 
load and 30pF. 


® RAM/PORT 5 CONTROL REGISTER 


The control register located at $0014 controls on-chip 
RAM and port 5. 


RAM/Port 5 Control Register 


7 6 5 4 3 2 1 ie) 
STBY or 
PWR HLTE $001 


Bit 0, Bit 1 1RO,, 1RO Enable Bit (IRQ,E, 1RQ2E) 

When using Psp and Ps; as interrupt pins, write “1” in 
these bits. When “0”, the CPU doesn’t accept an external 
interrupt or a sleep cancellation by the external interrupt. 
These bits become “0” during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 

When using Ps. as an input for Memory Ready’ signal, write 
“1” in this bit. When ‘‘0”, the memory ready function is pro- 
hibited. In mode 3, the memory ready function is prohibited 


regardless of the value of this bit. This bit becomes “1” during 
reset. 


Bit 3 Halt Enable bit (HLTE) 

When using P,3 as an input for Halt signal, write “1” in this 
bit. When “0”, the halt function is prohibited. In mode 3, the 
halt function is prohibited regardless of the value of this bit. 
This bit becomes “1” during reset. 


Bit 4, BitS Not Used. 


Bit6 RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit. The 
MCU Reset sets “1” at this bit and enables on-chip RAM 
available. This bit can be written “1” or “0” by software. 
When RAM is in disable condition (=logic ‘0’’), on-chip RAM 
is invalid and the CPU can read data from external memory. 
This bit should be “0” at the beginning of standby mode to 
protect RAM data. 


Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby 
mode and the RAM data is valid. 


= MODE SELECTION 
Mode program pins, MPy and MP, determine the operation 
mode of the HD6301X0 as Table 3 gives. 


® Mode 1 (Expanded Mode) 

In this mode, port 3 is data bus and port 1 ‘‘Low” address 
bus and port 4 “High” address bus to realize a direct interface 
with the HMCS6800 buses. A control signal such as R/W is 
produced at port 7. In mode 1, on-chip ROM is disabled and 
65k bytes of address space are externally expandable (refer 
to Fig. 15). 


@ Mode 2 (Expanded Mode) 

This mode is also expandable as well as mode 1. But in this 
mode, on-chip ROM is enabled and the expandable address 
space is 61k bytes (refer to Fig. 16). 


@ Mode 3 (Single-chip Mode) 
In this mode, all ports are available (refer to Fig. 17). 


Table 3 Mode Selection 


[os [ron a 
ee 
eur fone | oe | it | | — | Expanded Mode 
2 [ew [| i | | 1 | Expanded Mode 
3 eke ee ee ae Single-chip Mode 


“LY = Logic “0”, “H' = Logic 1", !; Internal, E; External. 
pos addressing RAM area can be external by clearing RAME bit at 
1014, 











Operation Mode 
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Port 2 

8 I/O Lines 

Timer 1, 2 SCI 
a1 Feet 5 
nput Lines 

Roe Ree 

Port 6 

8 1/0 Lines 







HD6301X0 
MCU 





Port 7 


HD6301X0 Port 3 


Port 1 


Port 4 


Figure 17 Mode 3 


@ Mode and Port 


Table 4 shows MCU signals in each mode. 


Port Mode | 


Port 1 
Port 2 
Port 3 
Port 4 
Port 5 
Port 6 
Port 7 


Table 4 


Pi 
8 1/0 Lines 
Timer 1, 2 SCI 


Port 6 
8 1/0 Lines 


5 Output Lines 


8 1/0 Lines 


8 Output Lines 


8 Output Lines 


MCU Signals in Each Mode 


RD, WA, RW, LOR BA 
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Vee 
O 






ney HD6301X0 BA 
MCU 


Port 3 
8 Data Bus 


Port 1 
8 Address Bus 


Port 4 
8 Address Bus 


Figure 16 Mode 2 


Mode 3 


Output Port 
1/0 Port 
1/0 Port 
Output Port 
Input Port 
1/0 Port 
Output Port 
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= MEMORY MAP mode. 32 internal registers use addresses from “00” as shown in 
The MCU can address up to 65k bytes depending on its Table 5. 
operation mode. Fig. 18 gives memory maps in each operation 


Table 5 Internal Register 


Address Initialize at RESET 


00 - 


01 Port 2 Data Direction Register aaa bes bien Reg $FC 
02" Undefined 


03 Undefined 
04" SFE 
oe a ae are ee = 

06° Undefined 
07* Undefined 


| Pots —“‘Cs*zY 
08 $00 
09 $00 
OA $00 
08 StF 
0c SFF 
0D | Input Gaprure Register ("High") |__| 800 
OE Input Capture Register (“’Low’’) $00 
OF $10 
10 $00 
u $20 


12 Receive Data Register $00 
13 Transmit Data Register $00 
14 S76 or SFC 
15 POE | = 
16 $00 
17 Undefined 
18° Undefined 
19 SF 
TA SFF 
18 $20 
ic SFF 
1 $00 


1 ar oe ee ee) ee = 


iF | Tet Reger ——SSSC~‘iCSC‘ - 


* External Address in Mode 1, 2. 
** Test Register. Do not access to this register. 
***R  ; Read Only Register 
W_ : Write Only Register 
R/W: Read/Write Register 
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HD6301X0 
Expanded Mode 


$0000 ZY Internal* 
$001F Registers 
External 


Memory 
$0040 Space 


Internal 
RAM 


$OOFF 


External 
Memory 
Space 


* Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18. 


HD6301X0 
Expanded Mode 


$0000 Y Internal* 
$001F Register 


External 
Memory 
$0040 Space 
Internal 
RAM 


$OOFF 


External 
Memory 
Space 


Internal 
ROM 


* Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18. 


HD6301X0 
Single-chip Mode 


GY = Internal 
Register 
$001 OG pz 


Internal 
RAM 


Internal 
ROM 
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Figure 18 HD6301X0 Memory Map 


= TIMER 1 
The HD6301X0 provides a 16-bit programmable timer which 
can measure an input waveform and generate two independent 
output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 
Timer 1 is configurated as follows (refer to Fig. 20). 
* Control/Status Register 1 (8 bit) 
Control/Status Register 2 (7 bit) 
* Free Running Counter (16 bit) 
* Output Compare Register 1 (16 bit) 
* Output Compare Register 2 (16 bit) 
‘* Input Capture Register (16 bit) 


®@ Free-Running Counter (FRC) ($0009 : 000A) 

The key timer element is a 16-bit free-running counter driven 
and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the “High” byte ($09), the CPU writes the 
preset value (SFFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
“Low” byte ($0A) after “High” byte writing, the CPU write 
not only “Low” byte data into lower 8 bit, but also “High” 
byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 


$09 Write $0A Write 


Counter value $FFF8 : $5AF3 
In the case of the CPU write ($5AF3) to the FRC 
Figure 19 Counter Write Timing 


© Output Compare Register (OCR) 

($000B, $000C; OCR1) ($0019, $001A ; OCR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. It is always compared 
with the FRC. 

When data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit 
(OE) in the TCSR2 is “1’’, an output level bit (OLVL) in the 
TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) of 
port 2. To control the output level again by the next compare, a 
change is necessary for the OCR and OLVL. The OCR is set to 
$FFFF at reset. The compare function is inhibited for a cycle 
just after a write to the OCR or to the upper byte of the 
FRC. This is to set the 16-bit value valid in the register for 
compare. In addition, it is because $FFF8 is set at the next 
cycle of the CPU’s “High” byte write to the FRC. 

* For data write to the compare register, 2-byte transfer 

instruction (such as STX etc.) should be used. 


@ Input Capture Register (ICR) ($000D : OO0E) 

The input capture register is a 16-bit read only register which 
stores the FRC’s value when external input signal transition 
generates an input capture pulse. Such transition is defined by 
input edge bit (IEDG) in the TCSR1. 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit 0 of port 2 
should be cleared (“0”). When an input capture pulse occures 
by input transition at the next cycle of CPU’s high-byte read of 
the ICR, the input capture pulse will be delayed by one cycle. 
In order to ensure the input capture operation, a CPU read of 
the ICR needs 2-byte transfer instruction. The input pulse width 
should be at least 2 system cycles. This register is cleared 
($0000) during reset. 
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® Timer Control/Status Register 1 (TCSR1) ($0008) 
The timer control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit5 The counter value reached to $0000 as a result of 
counting-up (TOF). 

Bit6 A match has occured between the FCR and the OCR 1 
(OCF1). 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 

The followings are each bit descriptions. 


Timer Control/Status Register 1 
7 6 5 4 3 2 1 0 
EICI JEOCI1] ETO! eos fou $0008 


BitO OLVL1 Output Level 1 
OLVL1 is transferred to port 2, bit 1 when a match 
occurs between the counter and the OCRI. If OE1, 
namely, bit 0 of the TCSR2, is set to “1”, OLVL1 will 
appear at bit 1 of port 2. 
Bit1 IEDG Input Edge 
This bit determines which rising edge or falling of 
input signal of port 2, bit O will trigger data transfer 
from the counter to the ICR. For this function, the 
DDR corresponding to port 2, bit 0 should be cleared 
beforehand. 
IEDG=0, triggered on a falling edge 
(“High” to “Low’”’) 
IEDG=1, triggered on a rising edge 
(“Low” to “High’’) 
Bit2 ETO! Enable Timer Overflow Interrupt 
When this bit set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit3 EOCI1 Enable Output Compare Interrupt 1 
When this bit set, an internal interrupt (IRQ3) by 
OCI1 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit4 E!C! Enable Input Capture Interrupt 
When this bit set, an internal interrupt (IRQ3) by 
ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
BitS TOF Timer Overflow Flag 
This read only bit is set when the counter incre- 
ments from $FFFF by 1. Cleared when the counter’s 
“Hich” byte ($0009) is read by the CPU following the 
TCSRI1 read. 
Bit6 OCF1 Output Compare Flag 1 
This read only bit is set when a match occurs be- 
tween the OCR1 and the FRC. Cleared by writing to 
the OCR1 ($000B or $000C) following the TCSR1 or 
TCSR2 read. 
Bit7 ICF Input Capture Flag 
This read only bit is set when an input signal of 
port 2, bit 0 makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the “High” byte ($000D) of the ICR following the 
TCSRI or TCSR2 read. 





© Timer Control/Status Register 2 (TCSR2) ($O00F) 

The timer control/status register 2 is a 7-bit register. All bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
Status. 

Bit5 A match has occured between the FRC and the OCR2 
(OCF2). 

Bit 6 The same status flag as the OCF1 flag of the TCSR1, 
bit 6. 

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7. 

The followings are each bit descriptions. 


Timer Control/Status Register 2 
7 6 5& 4 3. 2 1 O) 
OCF1| OCF2 } = ocigwa oz OE1 | $000F 


BitO OE1 Output Enable 1 
This bit enables the OLVL1 to appear at port 2, bit 
1 when a match has occurred between the counter and 
the output compare register 1. When this bit cleared, bit 
1 of port 2 will be I/O port. When set, it will be an 
output of OLVL1 automatically. 
Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 
5 when a match has occurred between the counter and 
the output compare register 2. When this bit cleared, 
port 2, bit 5 will be I/O port. When set, it will be an 
output of OLVL2 automatically. 
Bit2 OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match 
has occurred between the counter and the OCR2. If 
OE2, namely bit 5 of the TCSR2, is set to 1”, OLVL2 
will appear at port 2, bit 5. 
Bit3 EOCI2 Enable Output Compare tnterrupt 2 
When this bit set, an internal interrupt (IRQs) by 
OCI2 interrupt is enabled. When cleared, the interrupt 
is inhibited. 
Bit 4 Not Used 
BitS OCF2 Output Compare Flag 2 
This read-only bit is set when a match has occurred 
between the counter and the OCR2. Cleared when 
writing to the OCR2 ($0019 or $001A) following the 
TCSR2 read. 
Bit6 OCF1 Output Compare Fiag 1 
Bit7 ICF Input Capture Flag 
OCF1 and ICF addresses are partially decoded. 
CPU read of the TCSR1/TCSR2 makes it possible to 
read OCF1 and ICF into bit 6 and bit 7. 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE1 or OE2 is set to “1” before the first output 
compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce “0” respectively. 
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HD6301X0O Internal Data Bus 


Output Compare 
Register 2 


Output Compare 2 


Output Compare 1 





$0D, $OE 


Figure 20 Timer 1 Block Diagram 


= TIMER 2 
In addition to the timer 1, the HD6301X0 provides an 8-bit 
reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MCU can 
generate three independent waveforms. 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 


® Timer 2 Up Counter (T2CNT) ($001D) 

This is an 8-bit up counter which operates with the clock 
decided by CKSO and CKS1 of the TCSR3. The counter is 
always readable without affecting itself. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 


®@ Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOS1 of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to “$FF” during reset. 


@ Timer Control/Status Register 3 (TCSR3) ($001B) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 

The followings are each pin descriptions. 


Timer Controi/Status Register 3 


7 6 5 4 3 2 1 ce) 
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us 















IRQs 


HD6301XO0O Internal Data Bus 


Control “Ld 


ECMI Bi TOS1;TOSO CKSO 





Timer1 FRC 










Time F Input 
Constant contr C | Clock Port 2 
Register Select Bit 7 
ww 
| B 
oO 
c 
g 
= 
c 
J 
° 
2 Output 
Level Port 2 
Bit 6 


TCSR3 
$001B 


Figure 21 Timer 2 Block Diagram 


BitO CKSO Input Clock Select 0 
Bit1 CKS1 Input Clock Select 1 
Input clock to the counter is selected as shown in 
Table 6 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 


system clock. can 
en 


Table 6 


Input Clock Select 





Input Clock to the Counter Bit 4 
E clock. 
E clock/8* 
E clock/128* 


External clock 












(Note) 


* These clocks come from the FRC of the timer 1. If one of these clock 
is selected as an input clock to the up counter, the CPU should not 
write to the FRC of the timer 1. 


Bit2 TOSO Timer Output Select 0 
Bit3 TOS1 Timer Output Select 1 
When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 7 will appear at 
port 2, bit 6 depending on these two bits. When both 
TOSO and TOS1 are “0”, bit 6 of port 2 will be an I/O 
port. 


Bit5 
Bit6 


Bit7 


Table 7 Timer 2 Output Select 


Timer Output 
Timer Output Inhibited 


Toggle Output* 
Output “0” 
Output “1° 





a match occurs between the counter and the TCONR, timer 2 


output level is reversed. This leads to production of a square wave with 
50% duty to the external without any software support. 


T2E Timer 2 Enable Bit 

When this bit cleared, a clock input to the up counter 
is prohibited and the up counter stops. When set to “1”, 
a clock selected by CKS1 and CKSO (Table 6) is input 
to the up counter. 
P26 produces “0” when T2E bit cleared and timer 2 set 
in output enable condition by TOS1 or TOSO. It also 
produces “0” when T2E bit set “1” and timer 2 set in 
output enable condition before the first counter match 
occurs, 
Not Used 
ECMI Enable Counter Match Interrupt 

When this bit set, an internal interrupt (IRQ3) by 
CMI is enabled. When cleared, the interrupt is inhibited. 
CMF Counter Match Flag 

This read only bit is set when a match occurs between 
the up counter and the TCONR. Cleared by a software 
write (unable to write “1” by software). 


Each bit of the TCSR3 is cleared during reset. 
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= SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6301X0 SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfer data synchronizing 
with the serial clock. 

The serial interface is configured as follows: 


* Control/Status Register (TRCSR) 

* Rate/Mode Control Register (RMCR) 

* Receive Data Register (RDR) 

* Receive Data Shift Register (RDSR) 

* Transmit Data Register (TDR) 

* Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initialization by software 
for operation. The procedure is usually as follows: 

1) Write a desirable operation mode into each correspond- 

ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 

ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be “0”. When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 


@ Asynchronous Mode 

An. asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to “1” when making 9 

bit data format, the format of 
1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, 10 bit preamble will be sent in 8-bit data 
format and 11 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive 1’s are 

produced to indicate the idle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 

transmit data shift register and data transmit starts. 

During data transmit, a start bit of “0” is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit of “1” 
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are transmitted. 

When the TDR is “empty”, hardware sets TDRE flag bit. If 
the CPU doesn’t respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data), “1” is transferred instead of the start bit “‘0” 
and continues to be transferred till data is provided to the data 
register. While the TDRE is “1”, “0” is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
“Q” (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
“1” a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 


If the stop bit is “1”, data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 

When using an internal clock for serial I/O, the follow- 

ings should be kept in mind. 

+ Set CC1 and CCO to “1” and “0” respectively. 

- A clock is generated regardless of the value of TE, 
RE. 
Maximum clock rate is E+16. 

* Output clock rate is the same as bit rate. 

When using an external clock for serial I/O, the follow- 

ings should be kept in mind. 

* Set CC1 and CCO in the RMCR to “1” and “1” re- 


spectively. 

+ The external clock frequency should be set 16 times 
of the applied baud rate. 

+ Maximum clock frequency is that of the system 
clock. 


@ Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6301X0 SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin is only P,., so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition (“1”) simultaneously. Fig. 23 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Pe CT Receive Shift Register 


Receive Data 
Register 
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Pa | | | Transmit Shift Register dl 






HD6301X0O Internal Data Sus 










Rate and Mode 
Control Register Bito 














Transmit/Receive Control and Status Register 


Bit Rate 
Generator 










Timer’ FRC, 
Timer2 
Up Counter 






Figure 22 Serial Communication Interface Block Diagram 


Data transmit is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When. an external clock input is selected, data transmit is 


¢=—————_ Transmit Direction 


performed under the TDRE flag “0” from port 2, bit 4, syn- 


chronizing with 8 clock pulses input from external to port 2, 


bit 2. 


Data is transmitted from bit 0 and the TDRE is set when the 
transmit data shift register is “empty”. More than 9th clock 
pulse of external are ignored. 


Synchronous | | | | L | L | LJ LI LI LJ 


clock 


Data 





A477 A Not Valid 


* Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 


« Receive data is latched at the rising edge. 


Figure 23 Clocked Synchronous Mode Format 


When data transmit is selected to the clock output, the MCU 
produces transmit data and synchronous clock at TDRE flag 
clear, 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

When the external clock input is selected, 8 clock pulses 
from external and the synchronized receive data are input to 
port 2, bit 2 and bit 3 respectively. The MCU put receive data 
into the receive data shift register by this clock and set the 
RDRF flag at the termination of 8 bit data receive. More than 
9th clock pulse of external input are ignored. When RDRF is 
cleared by reading the receive data register, the MCU starts 
receiving the next data. So RDRF should be cleared with P,. 
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“High”. 

When data receive is selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 


® Transmit/Receive Control Status Register (TRCSR) ($0011) 

The TRCSR is composed of 8 bits which are all readable. Bits 
0 to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 


7 6 5 4 3 2 1 ) 
poorer moe [oe [ve Joo 
BitO WU Wake-up 

In a typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message. In order to make un- 
interested MCU ignore the remaining message, a wake-up 
function is available. By this, uninterested MCU can in- 
hibit all further receive processing till the next message 
starts. 

Then wake-up function is triggered by consecutive 
1’°s with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MCU stops data receive till the 
next message. The receive of consecutive “1” with one 
frame length wakes up and clears this bit and then the 
MCU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 

Bit1 TE Transmit Enable 

When this bit set, transmit data will appear at port 2, 
bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode appear immediately. 
This is executed regardless of the value of the cor- 
responding DDR. When TE is cleared, the serial I/O 
doesn’t affect port 2, bit 4. 
TIE Transmit Interrupt Enable 

When this bit set, an internal interrupt (IRQ3) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 
RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn’t affect port 2, bit 3. 
RIE Receive Interrupt Enable 

When this bit set, an internal interrupt, IRQ; is 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 
TDRE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
“empty”. This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to “1” during reset. 
ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 
be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is “0”. But in 


Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bit6 
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clocked synchronous mode, this bit is not affected. This 
bit is cleared when reading the TRCSR, then the RDR, 
or during reset. 

Bit7 RDRF_ Receive Data Register Full 

RDRF is set when the RDSR is transferred to the 
RDR. Cleared when reading the TRCSR, then the RDR, 
or during reset. 

(Note) When a few bits are set between bit 5 to bit 7 in the 
TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 


@ Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 


* Baud Rate 
* Clock Source 


* Data Format 
* Port 2, Bit 2 Function 


In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 


Transfer Rate/Mode Control Register 


7 6 5 4 3 2 1 ie) 


Bit 0 SSO 
Bit 1 SS1 Speed Select 
Bit5 $S2 


These bits control the baud rate used for the SCI. Table 
8 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 9 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 
perform write operation to the timer/counter which is 
the clock source of the SCI. 


Bit 2 cco 
Bit 3 CC1 Clock Control/Format Select* 
Bit 4 CC2 


These bits control the data format and the clock source 
(refer to Table 10). 

* CCO, CCi and CC2 are cleared during reset and the MCU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MCU forces port 2, bit 2 
in the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to “1” and 
CC1 and CCO to “0” and “1” respectively. 
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Table 8 SCI Bit Times and Transfer Rates 


(1) Asynchronous Mode 

























2.4576MHz 4.0MHz 4.9152MHz 
SS2 SS1 SSO E 614.4kHz 1.0MHz 1.2288MHz 







E+16 26 us/38400Baud 
E+128 208 uvs/4800Baud 
E+1024 1.67ms/600Baud 
6.67ms/150Baud 
* 


16us/62500Baud 
128 us/7812.5Baud 

1.024ms/976.6Baud 
4.096ms/244. 1 Baud 
* 


13 u8/76800Baud 
104.2 us/9600Baud 
833.3s/1200Baud 
3.333ms/300Baud 

* 





-9o0 0 











* When SS2 is “‘1’’, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N. 


_ f f : input clock frequency to the 
Baud Rate = 32 (Nt1) timer 2 counter 
N=0~ 255 


(2) Clocked Synchronous Mode * 


8.0MHz 
SS2 S$S1 2.0MHz 
0 (@] Dein 1.33uS/bit 1us/bit 
0 0 = 16 us/bit 10.7uS/bit 8us/bit 
i@] 1 128us/bit 85.3us/bit 64ys/bit 
0 1 512us/bit 341 us/bit 256us/bit 
1 _ * ** * 





* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1/2 system clock. 


** The bit rate is shown as follows with the TCONR as N. 


: uy = 4(Nt1) f: input clock frequency to the 
Bit Rate (us/bit) f timer 2 counter 


N=0~255 


Table 9 Baud Rate and Time Constant Register Example 








* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 10 SC! Format and Clock Source Control 


| Format [| Mode —_—‘| Clock Source [Port 2,Bit2 | Port 2, Bit3 



















Port 2, Bit 4 





cC2 cC1 CCcOo 
































































0 8-bit data | Clocked Synchronous | External Input 

0 0 1 | 8-bitdata | Asynchronous Internal Not Used** oa weno 

0 1 0 8-bit data | Asynchronous Internal Output” inert ths These, R . ISAs 
: bit 3 is used as a serial input. 

0 1 1 8-bit data | Asynchronous External Input 

1 0 0 8-bit data | Clocked Synchronous | Internal Output 

1 0 1 | 9-bitdata | Asynchronous Internal Not Used** paper eed 

1 1 0 9-bit data | Asynchronous Internal Output* Mileritie ii je ee ar 
. bit 4 is used as a serial output. 

1 1 1 9-bit data | Asynchronous External Input 






* Clock output regardless of the TRCSR, bit RE and TE. 
** Not used for the SCI. 


Bit6 TD8 Transmit Data Bit 8 mode, this bit stores the 9th bit data. In receiving 9-bit 
When selecting 9-bit data format in the asynchron- data, read this bit then the receive data register. 
ous mode, this bit is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit = TIMER, SCI STATUS FLAG 
then write data to the receive data register. Table 11 shows the set and reset conditions of each status 
Bit7 RD8 Receive Data Bit 8 flag in the timer 1, timer 2 and SCI. 
When selecting 9-bit data format in the asynchronous 


Table 11 Timer 1, Timer 2 and SCI Status Flag 





Set Condition Reset Condition 
ICF FRC > ICR by edge input to Py. 1, Read the TCSR1 or TCSR2 then ICRH, 
when ICF=1 
2. RES=0 





N 


OCF 1 OCR1=FRC 1. Read the TCSR1 or TCSR2 then write to the 
OCR1H or OCR1L, when OCF1=1 
. RES=0 
“oe 5; 
OCF2 OCR2=FRC . Read the TCSR2 then write to the OCR2H or 
OCR2L, when OCF2=1 
. RES=0 


—_ 





2 
FRC=$FFFF+1 cycle 1. Read the TCSR1 then FRCH, when TOF=1 
2. RES=0 
Timer CMF T2CNT=TCONR 1. Write “0” to CMF, when CMF=1 
2 2. RES=0 
Receive Shift Register + RDR 1. Read the TRCSR then RDR, when RDRF=1 
2. RES=0 
Framing Error (Asynchronous Mode) 1. Read the TRCSR then RDR, when ORFE=1 
Stop Bit = 0 2. RES=0 
Overrun Error (Asynchronous Mode) 
Receive Shift Register > RDR when 
SCI RDRF=1 
TDRE . Asynchronous Mode Read the TRCSR then write to the TDR, 
TDR > Transmit Shift Register when TDRE=1 


Clocked Synchronous Mode 
Transmit Shift Register is ““empty”’ 
RES=0 





(Note) 1. > ; transfer 
2. For example; “ICRH” means High byte of ICR. 
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= LOW POWER DISSIPATION MODE 
The HD6301X0 provides two low power dissipation modes; 
sleep and standby. 


@ Sleep Mode 

The MCU goes to the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers’ contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. _—s 
The MCU returns from this mode by an interrupt, RES or 
STBY;; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn’t cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 





NMi 


HD6301X0 


STBY 





@ STBY ! cl | , 
| | 
| 


for a system with no need of the HD6301X0’s consecutive 
operation. 


®@ Standby Mode 

The HD6301X0 stops all the clocks and goes to the reset 
state with STBY “low. In this mode, the power dissipation is 
reduced conspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MCU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6301X0, so 
the contents of RAM is retained. The MCU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MCU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 24 depicts the timing at 
each pin with this example. 


>} 
o Save © Oscillator 
© RAM/Port 5 Control Start Time 
Register Set 
Restart 


Figure 24 Standby Mode Timing 


= ERROR PROCESSING 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space. The TRAP prevents the system- 
burst caused by noise or a program error. 


@ Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
(SFFEE, $FFEF). This provides the priority next to reset. 


@ Address Error 

When an instruction fetch is made excluding internal ROM, 
RAM and external memory area, the MCU generates an inter- 
rupt as well as an op code error. But on the system with no 
memory in its external memory area, this error processing is not 
applicable if an instruction fetch is made from the external non- 
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memory area. Table 12 provides addresses where an address 
error occurs to each mode. 

This processing is available only for an instruction fetch and 
is not applicable to the access of normal data read/write. 


Table 12 Addresses Applicable to Address Errors 
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(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 


= INSTRUCTION SET 
The HD6301X0 provides object code upward compatible 
with the HD6801 to utilize all instruction set of the 
HMCS6800. It also reduces the execution times of key instruc- 
tions for throughput improvement. 
Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 
The followings are explained here. 
« CPU Programming Model (refer to Fig. 25) 
- Addressing Mode 
+ Accumulator and Memory Manipulation Instruction 
(refer to Table 13) 

* New Instruction 

* Index Register and Stack Manipulation Instruction 
(refer to Table 14) 

* Jump and Branch Instruction (refer to Table 15) 

* Condition Code Register Manipulation 
(refer to Table 16) 

* Op Code Map (refer to Table 17) 


®@ Programming Model 

Fig.25 depicts the HD6301X0 programming model. The 
double accumulator D consists of accumulator A and B, so 
when usimg the accumulator D, the contents of A and B are 
destroyed. 





45 PC t+) 


Programm Counter (PC) 


7 ° 
Pifsqef cpnfz]v fe] Condition Code Register (CCR) 


Carry /Borrow trom MSB 
Overflow 

Zero 

Negative 

Interrupt 

Halt Carry (From Bit 3) 


E 


Figure 25 CPU Programming Model 


@ CPU Addressing Mode 

The HD6301X0 provides 7 addressing modes. The addressing 
mode is decided by an instruction type and code. Table 13 
through 17 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency is 4 MHz, the machine cycle time 
becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 
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B is selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates an operand in the second byte of 
an instruction. However, LDS and LDX locate an operand in the 
second and third byte exceptionally. This addressing is a 2 or 
3-byte instruction. 

Direct Addressing 

In this addressing mode, the second byte of an instruc- 
tion shows the address where an operand is stored. 256 bytes 
($0 through $255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users’ data area in configurating a system. 
This is a 2-byte instruction, while 3 byte with regard to AIM, 
OIM, EIM and TIM. 

Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
operand stored address and the third byte the lower 8 bit. This 
indicates the absolute address of 3 byte instruction in the 
memory. 

Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn’t change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 

Implied Addressing 

An instruction itself specifies the address. That is, the 
instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from ~126 to +129 byte of the 
current instruction is enabled. This isa 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with the help 
of CLI and SEI instructions, more than 2 cycles are 
necessary between the CLI and SEI instructions. For 
example, the following program (a) (b) don’t accept the 


IRQ but (c) accepts it. 
: : CLI 
CLI CLI NOP 
SEI NOP NOP 
‘ SEI SEI 
(a) (b) (c) 


The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 13 Accumulator, Memory Manipulation Instructions 


Condition Code 
Register 


Operations Boolean/ 
Arithmetic Operation 5 [4 [3] 2[1] oO 


Addressing Modes 








mn 
cat ho 


REWeRa 






































Add ADDA _| 88 |2 [2 [98 [3 [2 [AB] 4 |2 |B | PT ese te 
apos__| ce {2 |2 |os|3 [2 [eB | 4 [2 [Fe | || | ferme __ BOBEREE 
Add Doub | ao00 {ca [33 [53/4 |2 [es [5 
Add Accumulators| ABA | | [| [ [ TT [ [ [| Eieitlasssa le[e[e [tls 
Add With Carry Ack Ia Be [89 | Fi Cece ey eae CICICICIE 
| ance | co [2 |2|p9|3 [2 |e9 | 4 | is] [| { je+me+cos [st leleie|sls 
AND | anna [a4 [2/2 [94 [3 [2 |aala[2 lea ia ls] [ | [ama [ele [s[¢{[RIo 
| anos |ca|2{2[oa[3[2feala|2{rala[s] | | [em-e  [ele[s{s|rle 
Bit Test | sita [es [2] [s|2fasla[2les[e[3{ | | fam se fe fst [rio 
[3 |2jes|a|2|rs[ai3] 7 | [am se fo | [t [Io 
Clear cn | tT TT fy Jer {s[2ir isis] | | foosm fe fe Ris iri 
Pp cura | oT TT Th TT hE TT for [ita foo-a Ce Je [RIS IR IR 
; cra [| {| | t TTT Tit ff [seta fsfoowe [ele iri siriR 
Compare Un Te DORREE 
| cpa | | 
eer te TTT epee 
Accumulators 
Complement, 1's PO eee ee s 
Pit ttt TT fasta it asa 
=e s 
Complement, 2's | NEG | | | | | J [60 | Se tee Je Je [s/s |@|@ 
(Negate) PNG Ar ht ols tas ey 2p fd 
a [1]oo-B-B8 sie je [#13 [O|@ 
Decimal Ant reo Cet cena 865 fre ggogds 
Decrement | occ | | TT Tt featei2 [vaio is] | | [M-1-mM [ojo |# 14 ile 
| occa | [| | ttt tt fy 4a] to je |e [3% |@le 
SRaami 
ExcusiveOR | EORA {88 |2 | se JA@M~A fe fo se IR Ie 
| core {ce [2 (2 [oa |3 |2 |es|4|2 ire is [3] | | [B@M~B fe le [sie [R le 
Increment | inc | Sa oaeie ave eens a ores ielate 
pA ng tee : 
sari tater: ie THES ° 
Loud aan aster teeta I2|a6{4|2ie6i4i3{ | | iM-a se fo ft [it [RI 
ccumulator LDAB M~B 13 |¢ [RI e 
ler a eee tt eeess Ett 
Multiply Unsigned ea s0[7[1[AxB+A:8 
OR, Inclusive Tous mtaa els tala la sD ewen eT 
Ha I IEA aieats[s| [| [eew= 8 _ Te feFPFiRye 


Push Data oa 4 0 A Meer = oe ee ie |e 1" |# 


PSHB ee SCE ECL Crees menor teeters 
Pull Date PULA eRe eee 
es ae |_| | | [33[3[1[sp+1+sP,Me~B [ele lelelele 
Rotate Left Seer) elle ele eres oe fete le [fore 
pews eee a} SSeS (eel fol 
Se a LT 


Rotate Right (ee (ps eee ee tt o <<" Suuueane BVBROE 
Bee Yt | tT fee ff | fe Jet]? [Olt 
mone Te ple fe eee es OOBBOE 


(Note) Condition Code Register will be explained in Note of Table 16. (continued) 
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Table 13 Accumulator, Memory Manipulation Instructions 


Condition Code 
Register 






Addressing Modes 


ee [imme Toinect [INDEX EXTEND [IMPLIED | Arithmeric Operation [514 13]2 10 
fore olor esters alee e aerate BBOgge 
Sie Late ase ot [| | Tt jes fe l2 ire fois} Tt ln — je lo ]3 13 is 
AR ft ft ff abt EH a} CCCI Ee Ok 

| ASLB | 


Double Shift { acc A/ ACC B | [AEA ACE BJ Acc cam, 
on Pee CITC eh eae @|! 


Shite Right | | [67 {6 |2 [77 [6 | : 
peer Ee decal BP carte an = a Se ETw 
Lt Tt tT Ty fs7 fa fy 








ae TO BER ‘ Lo je |e {2 Ol? 
Shift Right use| | | | tt este l2ira tela] | | Im —— fe [o |r} t (O13 
sae ee ee ee ee ae : 
| usra | | De self kcal DBO 
rat Se ree TTT eal 
Store ae 97 eter eee a Ae Mis ee 
Accumulator ee oe ja-M si eee eats ° 
punta ro TTT oles bele | TT fete rl 
Accumulator B+M+1 
Subtract -suea__[a0 f2 2 joo ts [2 1aate Ja joo fa ta J | [a-maa fe fo fete [s/s 
ee ete [2 [€0 | 4 [2 [Fo [4 | Cees $ 
Double Suet _| sueo [ea |3]3 [93 | [2 |as|s [2 [oa 6, Are-Mimsimare le lelt|t]* [3 
ecu pee PEELE EEL bps PPE 
Accumulators 
Subtract | seca [82 |2 [2 |92 | 3 [2 |a2| 4 [2 [82 [4 | fe fo [e[[3 1s 
edt alld Seco fer a 2 tors Fa Oe ee : 
Transfer | van | | TT TTT TTT Tt tte fisfifase fe fo Ue [it [RJ 
Accumuiators —{ tea | [| |] TT i Ett Ty pez fitstea fe fo[s ie irfe 
TestZeroor | tst | | | | [ | [eo[sl2iro[aj3i | | [m-o se fo [a |s i [R 
as |_tstra_ | | TT TT] Ty | faofitifa-oo le fe [es [ala 
| sre | | | | TdT | TUT Tf | [sofifife-o0 fe fo [se [RiR 
Andimmediate | AIM | | | [afelsjet7{3} | | t | [ [mimmom fe lelt [a [R[e 
ORimmediate | om [| | [72felalez{7{3t [ TT | | [m+immom ele /[t [i [ale 
EORimmediate | EM | | | [7sjel3jesi7{3{ | | | [ | [uemwmom  [elel:{:[Rle 
Testimmediate | Tim | | | f7efetsjesisi3f [Tt ff [mim feels ti tale 


(Note) Condition Code Register will be explained in Note of Table 16. 


@ Additional instruction . 
In addition to the HD6801 instruction set, the HD6301X0 TM ....... CO) . 
prepares the following new instructions. Executes “AND” operation to immediate data and 
AIM (M):(IMM) > (M) changes the relative flag of the condition code register. 
Executes “AND” operation to immediate data and the These area 3-byte instructions; the first byte is op code, the 
memory contents and stores its result in the memory. second immediate data and the third address modifier. 
OIM....... (M)+(IMM) >(M) XGDX ..... (ACCD) <> (IX) 
Executes “OR” operation to immediate data and the Exchanges the contents of accumulator and the index 
memory contents and stores its result in the memory. register. 
EIM ....... (M)@ (IMM) > (M) SLP 


Goes to the sleep mode. Refer to “LOW POWER DIS- 


“ ” . * . d th 
Executes, “POR” operation to. tne diate dats andthe SIPATION MODE” for more details of the sleep mode. 


memory contents and stores its result in the memory. 
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_ Branch If Not Equal 
Zero 


Table 14 Index Register, Stack Manipulation Instructions 






Addressing Modes teary Ta cone 
Pointer Operations jue. [pinecr | woex_fexrend [writ | Ad icma ne Operation 15 |4[3]2]1 [0 
lop |~]#|op |~| # [or |~] # [op [~] # [or |~ [+ | [Hin izivie 
CompareindexReg | cx ac} 3|3 [9c j4|2 jacis|2iec|s|3| | | |x-mM+i  fele|z|+|1]¢ 
Decrement indexReg | DEX | | | | | tt tt fT ff footais [x-1-x fete fe ls [ole 
Decrement Steck Pre | Des | | | | | | | | | | | | [ssii|y|sp-1-se_ ele lelolele 
increment index Reg [| NX [| | | | ple ep LAR 
increment Stack Pntr | ins || | Tt tT TT TT | fas das |sp+t—se Tele felelele 
Load Index Reg tools sfoetetafee aaa] TT fe wom fof ofotr he ° 
Load Stack Pntr [ tos [se {3 {3 | ete tee ete} te a ee to ° 


Store Index Reg reat teeter er ere refers Pe ee a ° 
Store Stack Pntr ee relate ele wetter Ee oO OORGIC 
Index Reg~> Stack Prer/ Txs || TT TT TT TT fas iat ix-tasp fe letelelele 


Stack Pntr + index Reg ae, Lt ES : 
Add 1 |B+X>X + IB+X>X ~xX 


Push Deta a +> Mgp, SP - 1 SP 
Xu Mgp, SP -1— SP 
Pull Date PULX SP +1 SP, Mg + Xy 
ae tee 

lacco-ix_ [eo lelelelele 


Exchange A a Se 


(Note) Condition Code Register will be explained in Note of Table 16. 


Table 15 Jump, Branch Instruction 


Addressing Modes Conaislon cat 
veeratione [Revative | o1RECT | INDEX [EXTEND [imPcied | —BranchTee = 5 1 4] 3 [2/110 
[op] ~] # Jop|~] + Jop|~]# lor] ~ j# [or] ~] # | [HI iN [2zivic 
Branch Always p—oea jot stat jt tL tt Lf Rene ___tetete fal ° 
Branch Never Pt tT TT None fe fo leleleleo 
Branch If Cary Clear rice Bese fone ° 
Branch If Carry Set 8s Lt [et ° 
Branch If = Zero ee Se ie raletetatel ° 
Branch If > Zero pecs __faetaiat tt Levee __sefesete ele 
Branch If > Zero eT Ep pe . 
mater es eee bi lesean le ele lelels 
Garchifezeo [ale [aFfsfey | TT TT TL een owet [ele lefelole 
lal NCE CE 
me 





Branch If < Zero eur faofsf2t TT tT Tn @ven  delele tele 
Branch If Minus ae EEL ee ee : 
26 





gqeroree [we tele CET ei 


Taraneh OTN pave ets Te [e[e[e 
Branch itive Tepe aataia| | TT jt fede 


Branch To Subroutine Peeters | 
Jump Ses SLAC Og CO 


dump To Subroutine 


ea Lo Je Jo fe [o| 
women TITEL TT eb PPE 


Return From Interrupt] RTI | 


Return From eee ig ai 
Subroutine 


























Software Interrupt el Tar] |e [S[e |e fe |e 
Wait for interrupt® Pea ee le |ole |e je |* 
Sleep lle tem |_| A[4f{i [ fo fole le le le 


(Note) *WAI puts aad high; Address Bus goes to FF FF; Data Bus goes to the three state. 


Condition Code Register will be explained in Note of Table 16. 
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Operstions 


Clear Carry 

Clear interrupt Mask 
Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 
Accumulator A + CCR 
CCR — Accumulator A 


LEGEND 


Table 16 Condition Code Register Manipulation Instructions 


Condition Code Register 
EACRESEAER 0 








a ee 2 
po sec foot te Pt fe To fe To Ts 
PE et os tele tele 
P sev op a tv ° 
AR OO Ae NS OCR 

ee perineal Peo ° 


ee CODE SYMBOLS 


OP Operation Code (Hexadecimal) Half-carry from bit 3 to bit 4 


~ Number of MCU Cycles 


Interrupt mask 


‘ 
Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z = Zero (byte) 
+ Arithmetic Plus V_ Overflow, 2’s complement 
- Arithmetic Minus C_ Carry/Borrow from/to bit 7 
® Boolean AND R_—- Reset Always 
+ Boolean Inclusive OR S Set Always 
® Boolean Exclusive OR $ Set if true after test or clear 
M Complement of M e Not Affected 
+> Transfer into 
0 Bit = Zero 
00 Byte = Zero 


(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


= 


OOO©OVOOSOHD 























UNDEFINED OP CODE 


se 
soee 


Se ao a | 1000 | 1001 | toro | tor | too | tor | tio | ttt | 


[sooo 0-7] S8A_| BRA_| TSX_| 
woi [1 | NOP_| CBA [BRN [INS | 
joa 2 | oar | om 
Foon [8 (| ws | PUL 

roioo | 4 [Uso [7] ecc_| DES Ta 








(Bit V) Test: Result = 10000000? 

(Bit C) Test: Result : 00000000? 

(Bit C) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
(Bit V) Test: Operand = 10000000 prior to execution? 

(Bit V) Test: Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to N@ C= 1 after the execution of instructions 

(Bit N) Test: Result less than zero? (Bit 15=1) 

(All Bit) Load Condition Code Register from Stack. 

(Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable interrupt is required to exist the wait state. 
(All Bit) Set according to the contents of Accumulator A. 
(Bit C) Result of Multiplication Bit 7=1? (ACCB) 


Table 17 OP-Code Map 


KOLA BL MCB 





EER ae eee eee ee eee 
erst. aaa 
es Er 








roofs [Ast ——Tecs [txs | "| em | O™C™~—“—CCTCCC“‘#’C#S;!.C*dS 
BNE_| PSHA ROR [6 | 
jo11| 7 | TPA | TBA | BEQ | PSHB ASR | STA L— | STA 
[a [ix | XGDX] ave | PULX ASL COR C~*” 
avs [ATS ROL ani: | aaa 
siP_[BPL_| ABX bEC Peo ones OM ae eae od 


RTI 








c=) 
* Only each instructions of AIM, OIM, EIM, TIM 
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= CPU OPERATION 


©® CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory and executes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and SLP instructions are to change this operation, while 
NMI, IRQ;, TRO, , IRQs, HALT and STBY are to control it. 
Fig. 26 gives the CPU mode shift and Fig.27 the CPU system 
flow chart. Table 18 shows CPU operating states and port 
states. 


© Operation at Each Instruction Cycle 

Table 19 provides the operation at each instruction cycle. 
By the pipeline control of the HD6301X0, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 
because it is different from the existent one----- op code fetch 
to the next instruction op code. 





Table 18 CPU Operation State and Port State 


po 


Figure 26 CPU Operation Mode Transition 















Port 1 [Mode 1,2 | H | 
(Ao ~Ar) an 


peed 
vest 
[Mode 3 | 7 _] 


oe 
|Mode 3 | 3 
|Mode 3 | 3 


eer 
peer eee 


High, L; Low, T; High Impedance 
D, WA, RW, LIR=H, BA=L 

WR, R/W=T, CIR, BA=H 

HATT is unacceptable in mode 3. 

*#*** E pin goes to high impedance state. 





Port 5 


Port 6 





ae 
rx) aS 
aoe 
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VECTORING 
FFFE, FFFF 















(Note) 1. The program sequence will come_to the RES start from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 


2. Refer to “FUNCTIONAL PIN DESCRIPTION” for more 
details of interrupts. 





CPU Sleep 






























}VECTORING | 


VECTORING 


} vECTORING | 


VECTORING 









RM INTERRUPT! 
REQUEST FLAG 
CLEAR 







INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 





Figure 27 HD6301X0 System Flow Chart 
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Table 19 Cycle-by-Cycle Operation 


Address Mode & Cycl me aces = 
ycle ia 


IMMEDIATE 












Op Code Address+1 
Op Code Address+2 


Operand Data 
Next Op Code 































































Op Code Address+ 1 (0) 1 1 Operand Data (MSB) 
ne Op Code Address+2 (0) 1 Operand Data (LSB) 
Op Code Address+3 (e) 1 (e) Next Op Code 
DIRECT 
ADC ADD Op Code Address+ 1 0 1 1 Address of Operand (LSB) 
AND BIT Address of Operand 0 1 1 Operand Data 
CMP EOR Op Code Address+2 (0) 1 (e) Next Op Code 
LDA ORA 
SBC SUB 
STA Op Code Address+1 0 1 1 Destination Address 
Destination Address 1 0 1 Accumulator Data 
Op Code Address +2 fe) 1 (0) Next Op Code 
ADDD CPX Op Code Address+ 1 0 1 1 Address of Operand (LSB) 
LDD LDS Address of Operand (0) 1 1 Operand Data (MSB) 
LDX SUBD Address of Operand+1 oO 1 1 Operand Data (LSB) 
Op Code Address+2 0 1 0 Next Op Code 
STD STS 1 Op Code Address+ 1 1 0 1 1 Destination Address (LSB) 
STX 2 Destination Address 0 1 0 1 Register Data (MSB) 
3 Destination Address+ 1 0 1 0 1 Register Data (LSB) 
4 Op Code Address+2 1 (e) 1 ie) Next Op Code 
JSR 1 Op Code Address+ 1 1 0 1 Jump Address (LSB) 
2 FFFF 1 1 1 Restart Address (LSB) 
3 Stack Pointer (0) 1 (6) Return Address (LSB) 
4 Stack Pointer —1 | O 1 0 Return Address (MSB) 
5 Jump Address 1 Oo 1 First Subroutine Op Code 
TIM 1 Op Code Address+ 1 0 1 1 Immediate Data 
2 Op Code Address +2 ie) 1 1 Address of Operand (LSB) 
3 Address of Operand ie) 1 1 Operand Data 
4 Op Code Address+3 0 1 Oo Next Op Code 
AIM EIM 1 Op Code Address + 1 (0) 1 1 Immediate Data 
OIM 2 Op Code Address+2 (9) 1 1 Address of Operand (LSB) 
3 Address of Operand (0) 1 1 Operand Data 
4 FFFF 1 1 1 Restart Address (LSB) 
5 Address of Operand 1 0 1 New Operand Data 
6 Op Code Address +3 0 1 0 Next Op Code 





(Continued) 
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nove eee & Gydies ene Address Bus RAW) RD wr | CIR Data Bus 
INDEXED 
JMP 1 Op Code Address+ 1 1 1 1 Offset 
3 2 FFFF 1 1 1 Restart Address (LSB) 
3 Jump Address 1 re 1 0 First Op Code of Jump Routine 
ADC ADD | 1 Op Code Address+1 1 1 1 Offset 
AND BIT 2 FFFF 4 1 1 Restart Address (LSB) 
CMP EOR 4 3 IX + Offset 1 1 1 Operand Data 
LDA ORA 4 Op Code Address+2 1 1 (0) Next Op Code 
SBC SUB 
TST 
STA 1 Op Code Address+1 1 (s) 1 1 Offset 
4 2 FFFF 1 1 1 1 Restart Address (LSB) 
3 1X + Offset 0 1 (¢) 1 Accumulator Data 
4 Op Code Address+2 1 c?) 1 0 Next Op Code 
ADDD 1 Op Code Address+ 1 i 1 0 1 1 Offset 
CPX LDD 2 FFFF 1 1 1 1 Restart Address (LSB) 
LDS LDX 5 3 IX + Offset 1 0 1 1 Operand Data (MSB) 
SUBD 4 IX+Offset+ 1 1 0 1 1 Operand Data (LSB) 
5 Op Code Address +2 1 0 1 0 Next Op Code 
STD STs 1 Op Code Address+ 1 1 0 1 1 | Offset 
STX 2 FFFF 1 1 1 1 Restart Address (LSB) 
5 3 IX + Offset {e) 1 0 1 Register Data (MSB) 
4 IX + Offset + 1 (e) 1 0) 1 Register Data (LSB) 
5 Op Code Address+2 1 0 1 0 Next Op Code 
JSR Fil T 4 Op Code Address+1 1 0 1 1 Offset 
2 FFFF 1 1 1 1 Restart Address (LSB) 
5 3 Stack Pointer ie) 1 (e) 1 Return Address (LSB) 
4 Stack Pointer —1 ie) 1 f0) 1 Return Address (MSB) 
5 IX + Offset 1 0 1 (0) First Subroutine Op Code 
ASL ASR 1 Op Code Address+1 1 0 1 1 Offset 
COM DEC 2 FFFF 1 1 1 1 Restart Address (LSB) 
INC LSR 6 3 IX+ Offset 1 fo) 1 1 Operand Data 
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB) 
ROR 5 1X + Offset 10) 1 0 1 New Operand Data 
6 Op Code Address+ 1 1 0 1 ie) Next Op Code 
TIM 1 Op Code Address + 1 1 0 1 1 Immediate Data 
2 Op Code Address+2 1 (0) 1 1 Offset 
5 3 FFFF 1 1 1 1 Restart Address (LSB) 
4 IX + Offset 1 (0) 1 1 Operand Data 
He 5 Op Code Address +3 | 1 Oo 1 (e) Next Op Code 
CLR 1 Op Code Address+ 1 1 (e) 1 1 Offset 
2 FFFF 1 1 1 1 Restart Address (LSB) 
5 3 IX + Offset 1 0 1 1 Operand Data 
4 IX + Offset 0 1 0 1 00 
5 Op Code Address+2 1 0 1 0 Next Op Code 
AIM EIM 1 Op Code Address+ 1 1 0 1 1 Immediate Data 
OIM 2 Op Code Address+2 1 0 1 1 Offset 
3 FFFF 1 1 1 1 Restart Address (LSB) 
7 4 IX + Offset 1 Oo 1 1 Operand Data 
5 FFFF 1 1 1 1 Restart Address (LSB) 
6 IX + Offset ie) 1 0 1 New Operand Data 
7 Op Code Address+3 1 0 1 ie) Next Op Code 
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imam © [eves] OP] Address Bu 
EXTEND 
JMP 1 Op Code Address+ 1 
3 2 Op Code Address +2 
3 Jump Address 
ADC ADD TST Op Code Address+ 1 
AND BIT Op Code Address+2 
CMP EOR Address of Operand 
LDA ORA Op Code Address+3 
SBC SUB 
STA 1 Op Code Address + 1 
2 Op Code Address+2 
3 Destination Address 
4 Op Code Address+3 
ADDD 1 Op Code Address+ 1 
CPX LDD 2 Op Code Address +2 
LOS LDX 5 3 Address of Operand 
SUBD 4 Address of Operand+1 
5 Op Code Address+3 
STD STS 1 Op Code Address+ 1 
STX 2 Op Code Address+2 
5 3 Destination Address 
4 Destination Address+1 
5 Op Code Address+3 
JSR 1 Op Code Address + 1 
2 Op Code Address +2 
6 3 FFFF 
4 Stack Pointer 
5 Stack Pointer —1 
6 Jump Address 
ASL ASR aie 1 Op Code Address+ 1 
COM DEC 2 Op Code Address+2 
INC LSR 6 3 Address of Operand 
NEG ROL 4 FFFF 
ROR 5 Address of Operand 
6 Op Code Address+3 
CLR i 1 Op Code Address +1 
2 Op Code Address+2 
5 3 Address of Operand 
4 
5 











Address of Operand 
Op Code Address+3 


Ps 
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ooooqoc$9g 


orooqg0--0o00;j034H--+-00/0--00I00000j0-00 








= oo afm or 


|= 0 2 = AHO =m a | OO = BH BO OO ws 3 mo os os AJ oO 





= 
a 


on = aIlo =m a 





Data Bus 


Jump Address (MSB) 
Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LS8) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 





Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 





Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 





O 2 = = AO @ @ om HO Oo Oo om a BJO oe mo SO 3 4 HJ Oo oO Ho 





Address of Operand (MSB} 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


(Continued) 


Address Mode & 
Instructions 





IMPLIED 

ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD- ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 


Op Code Address+1 





Op Code Address + 1 
FFFF 


es 


J 















Tir 
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Data Bus 


Next Op Code 







Next Op Code 
Restart Address (LSB) 








Op Code Address+1 
FFFF 
Stack Pointer +1 









Op Code Address+1 
FFFF 

Stack Pointer 

Op Code Address+1 















Op Code Address+1 
FFFF 

Stack Pointer+1 
Stack Pointer +2 









Op Code Address+ 1 
FFFF 

Stack Pointer 

Stack Pointer—1 

Op Code Address+1 













Oo|}- Oo 


tT 





Next Op Code 
Restart Address (LSB) 
Data from Stack 





Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 





Next Op Code 

Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 





Next Op Code 
Restart Address (LSB) 
Index Register (LS8) 
Index Register (MSB) 
Next Op Code 





Op Code Address+1 
FFFF 

Stack Pointer +1 
Stack Pointer +2 
Return Address 
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Next Op Code 

Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 

First Op Code of Return Routine 
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Op Code Address +1 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
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: 











Next Op Code 

Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
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oy Address Bus 


Address Mode & 
Instructions 


IMPLIED 










Op Code Address+ 1 
FFFF 

Stack Pointer 
Stack Pointer —1 
Stack Pointer—2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer —6 









































SOWMNATAWNAOHBVUHAAH HAWN 





Swi 


ODBDNOTAWHNH — 





SLP 









RELATIVE 









BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE = BPL 
BRA —— BRN 
BVC _—BVS 
“BSR 
5 
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Op Code Address+1_ 
FFFF 

Stack Pointer +1 

Stack Pointer+2 

Stack Pointer+3 

Stack Pointer+4 

Stack Pointer +5 

Stack Pointer +6 

Stack Pointer+7 

Return Address 

Op Code Address+1 
FFFF 

Stack Pointer 

Stack Pointer —1 

Stack Pointer —2 

Stack Pointer —3 

Stack Pointer —4 

Stack Pointer —5 

Stack Pointer —6 

Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 
Op Code Address+1 
FFFF 















FFFF 
Op Code Address+ 1 





Op Code Address+ 1 
FFFF 

Branch Address-:----Test="1" 
Op Code Address + 1---Test="0" 













! 


O- a aa 


Op Code Address+ 1 
FFFF 

Stack Pointer 

Stack Pointer—1 
Branch Address 


Oo-+--40 
-Ooo0o--—- 
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Data Bus 





Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 

Index Register (MSB) 
Accumulator A 
Accumulator B 

Conditional Code Register 
Next Op Code 

Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 

Index Register (MSB) 

Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 

First Op Code of Return Routine 
Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 

Index Register (MSB) 
Accumulator A 
Accumulator B ; 
Conditional Code Register 
Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 
Next Op Code 

Restart Address (LSB) 











Restart Address (LSB) 
Next Op Code 





Branch Offset 
Restart Address (LSB) 

First Op Code of Branch Routine 
Next Op Code 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 


HD6301X0,HD63A01 X0,HD63B01X0 


= PACKAGE DIMENSIONS (Unit : mm) 
+ DP-64S * FP-80 


25.6+0.4 


< 
Ss 
+H 
4 
oa 


2 
-] 
“ 
8 
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HD63BO3R 


CMOS MCU (Microcomputer Unit) 


The HD6303R is an 8-bit CMOS single-chip microcomputer HD6303RP, HDG3A03RP, 
unit which has the completely compatible instruction set with HD63B03RP 
the HD6301V1. 128 bytes RAM, Serial Communication Inter- 
face (SCI), parallel I/O terminals and three function timer 
are incorporated in the HD6303R. It is bus compatible with 
HMCS6800 and can be expanded up to 65k words. Like the 
HMCS6800 family, I/O levels is TTL compatible with +5.0V 
single power supply. As the HD6303R is CMOS MPU, power 
dissipation is extremely low. And also Sleep Mode and Stand- 
by Mode which the HD6303R has for low power dissipation 
make lower power application possible. 





® FEATURES (Or se) 
@ Object Code Upward Compatible with the HD6800, HD6802, HD6303RF, HD63A03RF, 
HD6801 HD63B03RF 


@ Multiplexed Bus (Dp ~D7/Ag~A7), Non Multiplexed Bus 

@ Abundant On-Chip Functions Compatible with the 
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines (inctud- 
ing Timer, SC! 1/O Terminals), 16-bit Timer, Serial Com- 
munication Interface (SC!) 

@ Low Power Consumption Mode; Sleep Mode, Stand-By Mode 

@ Minimum Instruction Cycle Time 

ips (f= 1MHz), 0.67us (f=1.5MHz), 0.5us (f=2.0MHz) 

© Bit Manipulation, Bit Test Instruction (FP-54) 

@ Error Detecting Function; Address Trap, Op Code Trap 

@ Up to 65k Words Address Space 





= PIN ARRANGEMENT 


HD6303R 


HD6303R 


= TYPE OF PRODUCTS 
Bus Timing 
1.0 MHz 





HD6303R 
HD63A03R 
HD63B03R 





(Top View) 


(Top View) 
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® BLOCK DIAGRAM 





®& ABSOLUTE MAXIMUM RATINGS 


Item Symbo Unit 
Supply Voltage v 
Input Voltage 3 Veer. 3 Vv 
Operating Temperature Tése °c 
Storage Temperature | ‘Td HBO 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout: Vss & (Vin OF Vout) & Vec. 


# ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc = 5.0V+10%, Vg = OV, Ta = 0~+70°C, unless otherwise noted.) 


Item | Symbol | Test Condition | _min__| typ | max |_Unit 


| RES,STBY = B Vec-0.5 6] — | Vv 
zi H ow ce 
Input “High” Voltage eA =o 7] = | 4% 3 Vv 


Input ‘‘Low” Voltage Vv 


Input Leakage Current | NMI, (RO,, RES, STBY a ee TT Ty in 0.5~Vcc-0.5V TT Ee LA 


Three State (off-state) Pio™ Pio, Poo Pr, ~ a 

Leakage Current Do~D7, As~Ats tsi! | Vin = 0.5~Vec-0.6V nn 
= I0nA Herre = 1 Y 

Output “Low” Voltage Spee 


So Ce ee 


Standby Current Non | Non Operation | uA 


Ee 
Sleeping (f= 1MHz**) ee poop ao 


RAM Stand:-By Voltage Se eee : 


* Vigg Min = Vece-1.0V, Vi, max = 0.8V 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations of the when of f = x MHz operation are decided according to the following formula; 


typ. value (f =xMHz) =typ. value (f = 1MHz)} xx 
max. value (f = xMHz) = max. value (f = 1MHz) x x 
(both the sleeping and operating) 
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e@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = O~+70°C, unless otherwise noted.) 


BUS TIMING 
Test 
Item Symbol 
Cycle Time teye 
Address Strobe Pulse Width | PW 
“High” ASH 
Address Strobe Rise Time tasr 








Address Strobe Fall Time 
Address Strobe Delay Time 
Enable Rise Time 
Enable Fall Time 
Enable Pulse Width “High” Level 
Enable Pulse Width “Low” Level 
Address Strobe to Enable Delay 














Time taseD 
. tapi 
Address Delay Time tape Fig. 1 


Address Delay Time for Latch Fig. 2 








Data Set-up Time 


Data Hold Time 





Address Set-up Time for Latch 
Address Hold Time for Latch 
Address Hold Time 
Ao ~ Az Set-up Time Before E 











tasm 


lh Multiplexed (tacen) 


Multiplexed Bus | (taccm) 
Oscillator stabilization Time 
Processor Control Set-up Time 


Peripheral Read 
Access Time 


Fig. 8 
Fig. 9 








tecs 


ph . 
Symbol 
pres 


PERIPHERAL PORT TIMING 









Peripheral Data 
Set-up Time 
Peripheral Data 
Hold Time 
Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


* Except Pay 
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ation [rin [ave [max min [typ [max min [typ | max 
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HD6303R HD63A03R HD63B03R 


Unit 


2 |5 


Sisiszisisis{is 
21/a/% [a lalala 


a 
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> 
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—_ 
for] 
Oo 











2 








| - | - [200}- |- [200|~ | - | rs 


| min | typ | max| min | typ | max] min typ | max 
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TIMER, SCI TIMING 


Test ao HD63 


dition 


Timer Input Pulse Width tower | | 

Delay Time, Enable Positive 

Transition to Timer Out roo |Fia.8 

SCI Input Clock Cycle at ae 
[tewscx |_| 


SCI Input Clock Pulse Width 





MODE PROGRAMMING 









Test 
Symbol Con- 








RES “Low” Pulse Width 
Mode Programming Set-up Time 
Mode Programming Hold Time 












Address Strobe 
(AS) 
2.4V 
Enable 
(E) 
0.8V 
ter 
TAH 
a 24V 
R/W, A,~Ais d Address Valid ) 
0.8V 
AHL t 
HW 
MPU Write 2.4V 2.4V 
0,~0,,A,~A; ( orhta ) (| Data Valid | ) 
0.8V 0.8V 


a — eee tHr 
2.4V 2.0V 
peu pees Address : 
D,~0,, A,~A, vad |) 4 Data Valid 
0.8V 0.8V 


(taccm) 


Figure 1 Multiplexed Bus Timing 
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teye 
2.4V 
Enable 
{E) 
0.8v 
tet 
tan 
RW ( Address Valid » 
0.8V 


ae = ” 
MPU Write (| Data Valid » 
O8V 





0, ~0, 
(Port 3) 
tosra—> 
J (taccn) tur 
2.0V 
° 7 t 
(Port 3) ADZ 0.8V 







TAH 


A,~A, (Port 1) 


Address Valid 
A,~A,s 


re MPU Write 












E 
E 
0.8V 
Pio ~P 
Pe Pa Las 
Inputs Bia 
1 Oata 2.4V ; 
Port Outputs 08V Data Valid 
Figure 3 Port Data Set-up and Hold Times Note) Port 2: Except P,, 
(MPU Read) Figure 4 Port Data Delay Times 
(MPU Write) 
: AES 
Counter —— Mode tnputs 
| (Pao , Par, P22) 
Py 2.4V 
Output 0.8V 


Figure 6 Mode Programming Timing 
Figure 5 Timer Output Timing 
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Vee 
RL =2.2k2 
(4.0k for E) 


1§2074 @® 
or Equiv 


Test Point 


C=90 pF for 22 ~ 39 Pin 
= 30 pF for 8 ~ 20 Pin 
=40 pF forE 

R=12k2 


Figure 7 Bus Timing Test Loads (TTL Load) 


Interrupt 


Test 
— 


E 


Internal 
Address Bus 











oe Voi & Op Code Op Code FFFF SP SP.1 SP-2 SP-3 . SP-5 SP-6 Vector Vector New 
NMI, IRQ; Address Address+1 Address Address Address 
—| tecs 
Internal 
Care Pus Op Code Satan lrslavant XO. Ixe- ACCA ACCE ‘actor Vector first Inst. 
ode rs = irst Ins 
Internal pide Code Data co: PEGS IX? X15 GR ug Nterrupt Routine 
Read 
Internal 
Write 





Figure 8 Interrupt Sequence 


_—— 5V 
pcs tees 





Vec 05 
RES ann SAS 
FREE FFFF FFFF FFFE FFFF FFFE FFFF NewPC FFFF FFFF 


eh a eres on 
22h no on 
> A $2799 
2 Ty) $___— jg-—__—_—_—— 


Figure 9 Reset Timing 


@ FUNCTIONAL PIN DESCRIPTION mental crystal, AT cut. For instance, in order to obtain the. 
system clock 1MHz, a 4MHz resonant fundamental crystal is 

® Voc. Vss . useful because the devide by 4 circuitry is included. EXTAL 
These two pins are used for power supply and GND. accepts an external clock input of duty 50% (+10%) to drive. 
Recommended power supply voltage is SV + 10% or 3 to 6V For external driving, no XTAL should be connected. An exam- 
other than for high speed operation (SOOkHz). ple of connection circuit is shown in Fig. 10. The crystal and 


capacitors should be mounted as close as possible to the pins. 


@ XTAL, EXTAL 
These two pins are connected with parallel resonant funda- 
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AT Cut Parallel Resonance Crystal! 
Co = 7 pF max 
Rs = 60 2 max 


XTAL 


Cu = Cra io 10~22pF + 20% 
(3.2 ~8MHz) 


EXTAL 


Figure 10 Crystal Interface 


@ Standby (STBY) 

This pin is used to place the MCU in the Standby mode. 
Setting to “Low” level, the internal condition is reset with 
inactive oscillation and fixed internal clock. In order to retain 
information in RAM during standby, write “0” into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 


© Reset (RES) 

This input is used to reset the MCU and start it from a power 
off condition. RES must be held “Low” for at least 20ms when 
power is on. It should be noted that, before clock generator 
stabilizing, the internal state and I/O ports are uncertain, 
because MCU can not be reset without clock. To reset the 
MCU during system operation, it must be held “Low” at least 
3 system clock cycles. From the third cycle on, all address buses 
become “High” with RES at “Low” level. Detecting “High” 
level, MPU does the following. 

(1) I/O Port 2 bits 2,1,0 are latched into bits PC2, PC], PCO of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE, $FFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to have the MPU 
recognize the maskable interrupts IRQ, and [RQg, clear it 
beforehand. 


@ Enable (E) 

This output pin supplies system clock. Output is a single- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF. 


@ Non maskable Interrupt (NMI) 

When the input signal of this pin is recognized to fall, NMI 
sequence starts. The current instruction may be continued to 
the last if NMI signal is detected as well as the following IRQ, 
interrupt. Interrupt mask bit in Condition Code Register has no 
effect on NMI. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address $FFFC and $FFFD will occur to 
load the contents to the program counter and branch to a non 
maskable interrupt service routine. 

Inputs IRQ; , and NMI are hardware interrupt lines sampled 
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by internal clock. After the execution of instructions, start the 
interrupt routine in synchronization with E. 


© Interrupt Request (IRQ, ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The MPU will wait receiving 
the request until it completes the current instruction that being 
executed before it recognizes the request. At that time, if the 
interrupt mask bit in Condition Code Register is not set, MPU 
begins interrupt sequence; otherwise, interrupt request is neg- 
lected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the MPU sets the interrupt bit so 
that no further maskable interrupts may occur. 


Table 1 


Interrupt Vectoring memory map 










Interrupt 















Highest 
Priority 
NMi 
Software Interrupt (SWI) 
iRQ, (or 1S3) 
ICF (Timer Input Capture) 
OCF (Timer Output Compare) 
TOF (Timer Overflow) 
Lowest 
a RDRF + ORFE + TORE) 
Priority ms 


At the end of the cycle, the MPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
locates the contents in Program.Counter to branch to an 
interrupt service routine. 

The Internal Interrupt will generate signal (IRQ2) which is 
quite the same as IRQ, except that it will use the vector address 
SFFFOto$FFF7. 

When IRQ, and IRQ, are generated at the same time, the 
former precede the latter. Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Independently of the Mask Bit condition, the MPU will start 
an interrupt sequence. The vector for this interrupt will be 
FFEE, FFEF. 


© Read/Write (R/W) 

This TTL compatible output signal indicates peripheral and 
memory devices whether MCU is in Read (‘‘High”), or in Write 
(“Low”). The normal stand-by state is Read (“‘High’’). Its 
Output will drive one TTL load and 90pF. 


© Address Strobe (AS) 

In the multiplexed mode, address strobe appears at this pin. 
It is used to latch the lower 8 bits addresses multiplexed with 
data at 30 ~ 37 pin and to control the 8-bit latch by address 
strobe as shown in Figure 15. Thereby, 30 ~ 37 pin can become 
data bus during E pulse. The timing chart of this signal is shown 
in Figure 1. 


® PORTS 

There are two I/O ports on HD6303R MCU (one 8-bit ports 
and one 5-bit port). Each port has an independent write-only 
data direction register to program individual I/O pins for 
input or output.* 
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When the bit of associated Data Direction Register is “1”, 
I/O pin is programmed for output, if “0”, then programmed for 
an input. 

There are two ports: Port 1, Port 2. Addresses of each 
port and associated Data Direction Register are shown in 
Table 2. 

* Only one exception is bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 


Table 2 Port and Data Direction Register Addresses 







Data Direction 
Ports Register Address 
1/0 Port 1 


1/0 Port 2 










@ 1/0 Port 1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic ‘‘1” and less than 0.8V for logic “0”. 

These are TTL compatible. After the MCU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port 1 will be output line for lower order 
address lines (Ag to A>). Then this buffer can drive one TTL 
load and 30 pF. 


@ 1/0 Port 2 

This port has five lines, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic “1” and less than 0.8V for logic 
“QO”, After the MCU has been reset, I/O lines are configured as 
inputs, These pins on Port 2 (pins 10,9, 8 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5), which is expanded in the MODE SELECTION 
section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (P32; ) is the only pin restricted to data input or 
Timer output. 


= BUS 
e Do/Ao ™ D/A, (30 ~ 37 pins) 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF. 


Non Multiplexed Mode 

In this mode, these pins become only data bus (Do to D2). 
Multiplexed Mode 

These pins becomes both the data bus (Dp ~ D7) and lower 
bits of the address bus (Ao ~ A7). An address strobe output is 
true when the address in on the pins. 





@ Ag ~ Ais (22 ~ 29 pins) 

Each line is TTL compatible and can drive one TTL load and 
90 pF. After reset, these pins become output for upper order 
address lines (Ag to Ajs). 


= MODE SELECTION 

The operation mode after the rest must be determined by the 
user wiring the 10, 9, and 8 externally. These three pins are 
lower order bits; I/O 0, I/O 1, I/O 2 of Port 2. They are latched 
into the programmed control bits PCO, PC1, PC2 in I/O Port 2 
register when reset goes “High”, I/O Port 2 Register is shown 
below. 


Port2 DATA REGISTER 
7 6 5 4 3 2 s] [*) 
ve [me [oe [os [we enon 


An example of external hardware used for Mode Selection is 
shown in Figure 11. During reset, the HD14053B is available to 
separate the peripheral device from the MCU. It is necessary 
where the data conflict can occur between peripheral device and 
Mode generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 are for read only. The mode selection of 
the HD6303R is shown in Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode (compatible with the HMCS6800 peripheral family), 
(2) Non Multiplexed Mode (compatible with HMCS6800 
peripheral family). 


@ Multiplexed Mode 
The data bus and the lower order address bus are multiplexed 
in the 30 ~ 37 pins and can be separated by the Address Strobe. 
Port 2 is configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port | is configured for 8 parallel 
1/0. 


@ Non Multiplexed Mode 

In this mode, the HD6303R can directly address HMCS6800 
peripherals with no external logic. 30 ~ 37 pins become a data 
bus and Port 1 becomes Ao to A7 address bus. 

In this mode, the HD6303R is expandable to 65k words with 
no external logic. 


@ Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 
address bus in 30 ~ 37 pin in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 15. 
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Figure 11 Recommended Circuit for Mode Selection 
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P,, (PCO) 
P,, (PC1) 
P,, (PC2) 
Note 1) Figure of Multiplexed Mode 
2) RC=Reset Constant 
3) R,=10k2 
Truth Table 


Controt Input ; 
On Switch 











Figure 12 HD14053B Multiplexers/De-Multiplexers 
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Enable 
0 NMI 
STB’ 0 IRQ, 
RES HD6303R WW 
MCU Do/A, ~ 0,/4, 
Port 1 8 Lines 
81/0 Lines Multiplexed 
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Address Strobe 
Port 2 
: Ac ~ Ais 
5 1/0 Lines 8 Address 
sct Li 
Timer “ec 
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Figure 13 HD6303R MCU Multiplexed Mode 






Port 1 D, ~ 0, 
To 8 Address Lines 8 Data Lines 
Ao ~ Az _ 
Rw 
Port 2 A, ~ A, 
5 Parallel 1/O 8 Address 
sci Lines 
Timer 


Figure 14 HD6303R MCU Non Multiplexed Mode 
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GNO 


AS 





Do 1Bo ~Dr 1A, 
Address/Data 






B 74LS373 


Eee 
ECETEL Ep. 





Q, 


Function Table 


Address: A,~A, 





Data: 0,~0, 


Figure 15 Latch Connection 


Table 3. Mode Selection 






Operating Mode 







Multiplexed Mode 





Non Multiplexed Mode 


L: logic “O” 
H: logic “1” 
® Memory Map 
The MCU can provide up to 65k byte address space. Figure 
16 shows a memory map for each operating mode. The first 32 


locations of each map are for the MPU’s internal register only, 
as shown in Table 4. 


Non-Muttiplexed 
$0000 p 
Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 





SFFFF 
{NOTE] 
Excludes the following addresses which may be 
used externally; $00, $02. 


Table 4 Internal Register Area 


Register 


Port 1 Data Direction Register** 
Port 2 Data Direction Register** 
Port 1 Data Register 
Port 2 Data Register 


Timer Control and Status Register 
Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 


Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register : 

Transmit Data Register 


RAM Control Register 
Reserved 


* External address in Non Multiplexed vou 


** 1 = Output, 0 = Input 


Multiplexed 


$001F 
ad External Memory Space 


$0080 oe | Internal RAM 


SOOFF 


External Memory Space 





Figure 16 HD6303R Memory Maps 
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Address 


oo* 
01 
02* 
03 


08 
09 
OA 
0B 


oc 
0D 
OE 


10 
11 
12 
13 


14 
15-1F 


= PROGRAMMABLE TIMER 

The HD6303R contains 16-bit programmable timer and used 
to make measurement of input waveform. In addition independ- 
ently it can generate an output waveform by itself. For both 
input and output waveform, the pulse width may vary from a 
few microseconds to many seconds. 
The timer hardware consists of 

* an 8-bit control and status register 

+a 16-bit free running counter 

+a 16-bit output compare register, and 

- a 16-bit input capture register 
A block diagram of the timer is shown in Figure 17. 







HD6303R Internal Bus 


$08: 0C 


Output Compare 
Register 









Free Runni faa) Ee 
cere | Bit ==] [S 
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Output 
Level 
Register 





Timer 
Control 
And 






Lk oe Output Input 
Levei Edge 
Output Compare Pulse Birt Biro 


Port 2 Port 2 





Figure 17 Programmable Timer Block Diagram 


@ Free Running Counter ($0009: $000A) 

The key element in the programmable timer is a 16-bit free 
Tunning counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
MPU software at any time desired with no effects on the 
counter. Reset will clear the counter. 

When the MPU writes arbitrary data to the MSB of $09, then 
value of $FFF8 is being pre set to the counter ($09, $0A) 
indepently of the write data value. When the MPU writes 
arbitrary data to the LSB ($0A), the data is set to the “Low”, 
on the other hand, the data preceedingly written in “High” byte 
is set to “High”. 





Counter \ FRFB | SAF3 
i} 
1 


(SAF3 written to the counter) 


Figure 18 Counter Write Timing 


* To write to the counter can disturb serial operations, so it should 
be inhibited during using the SCI. 
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The counter value written to the counter using the double 
store instruction is shown in Figure 18. 


@ Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is ‘‘1” (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit should be changed to 
control an output level again on the next compare values. 

The output compare register is set to $FFFF during reset. 
The compare function is inhibited at the cycle writing to the 
high byte of the output compare register and at the cycle just 
after that to ensure valid compare. It is also inhibited in same 
manner at writing to the counter. 


© Input Capture Register ($O00D: SOO0E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter obtained when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (TEDG). 

To allow the external input signal to gate in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
0 of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


© Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8 bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information below. 

(1) A proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register (ICF). 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag may contains an individual enable bit in TCSR 
where controls whether or not an interrupt request may be 
output to internal interrupt signal ([RQ,). If the I-bit in 
Condition Code Register has been cleared, a priority vectored 
address occurs corresponding to each flag being set. A descrip- 
tion of each bit is as follows. 


Timer Control / Status Register 
7 6 5 4 3 2 1 () 
Per oct [ror] wr] coer] err] coc] our] some 


Bit 0 OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit | is 
set “1”, the value will appear on the output pin of 
Port 2 bit 1. 


@ HITACHI 309 


HD6303R,HD63A03R,HD63B03R 


Bit 1 1EDG (Input Edge); This bit control which transition 
of an input of Port 2 bit O will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be clear in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge (“High”-to-“‘Low” transition). When IEDG = 
1, trigger takes place on a leading edge (“‘Low’’-to- 
“High” transition). 

ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request (I{RQ2) but when clear, the 
interrupt is inhibited. 

EOC! (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2), when clear, the interrupt 
is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request (IRQ,) but when clear, the interrupt is 
inhibited. 

TOF (Timer Over Flow Flag); This read-only bit is set 
when the counter value is $0000. It is cleared by 
MPU read of TCSR (with TOF set) following an 
MPU read of the counter ($0009). 

OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) 
following an MCU write to the output compare 
register ($000B or $000C). 

ICF (Input Capture Flag); The read-only bit is set by 
a proper transition on the input, and is cleared by 
a read of TCSR (with ICF set) followed by an 
MPU read of Input Capture Register ($000D). 

Reset will clear each bit of Timer Control and Status 

Register. 


Bit 2 





Bit 3 





Bit 5 


Bit 6 


‘Bit 7 


= SERIAL COMMUNICATION INTERFACE 

The HD6303R contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate and comprises a transmitter and a receiver 
which operate independently on each other but with the same 
data format at the same data rate. Both of transmitter and 
receiver communicate with the MPU via the data bus and with 
the outside world, through Port 2 bit 2, 3 and 4. Description of 
hardware, software, register is as follows. 


@ Wake-Up Feature _ 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the 
non-selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is triggered by a ten consecutive ““1”s which 
indicates an idle transmit line. Therefore software protocol 
needs an idle period between the messages. 

With this hardware feature, the non-selected MPU be 
re-enabled (or “‘wakes-up”) for the appearing next message. 


@ Programmable Option 
The HD6303R has the following optional features provided 
for its Serial 1/0. They are all programmable. 





+ data format ; standard mark/space (NRZ) 

+ clock source ; external or internal 

+ baad rate ; one of 4 rates per given MPU E clock frequency 

or 1/8 of external clock 
- wake-up feature ; enabled or disabled 
+ interrupt requests ; enabled or masked individually for 
transmitter and receive data registers 

internal clock enabled or disabled to Port 

2 bit 2 

+ Port 2 (bits 3,4) ; dedicated or not dedicated to serial 
1/O individually for receiver and 
transmitter 


-clock output ; 


@ Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 19. The registers include: 

* an 8-bit control/status register 

* a 4-bit rate/mode control register (write-only) 

* an 8-bit read-only receive data register 

-an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 


© Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits 0 to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS register are defined as follows. 


Transmit / Receive Control Status Register 


7 6 5 4 3 2 1 (*) 
rom [onee] one] wie [ne [ve] ve [wo Joon 
$0011 


Bit 0 WU (Wake Up); Set by software and clear by hardware 
on receipt of ten consecutive “1s. It should be 
noted that RE flag has already set in advance of 
WU flag’s set. 

TE (Transmit Enable); Set to produce preample of 
ten consecutive “‘1”s and to enable the data of 
transmitter to output subsequently to the Port 2 
bit 4 independently of its corresponding DDR 
value. When clear, serial 1/O affects nothing on 
Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set 
with TDRE (bit 5) set, it will permit an IRQ, 
interrupt. When clear, TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit. When clear, the serial I/O affects nothing on 
Port 2 bit 3. 

Bit 4 RIE (Receive Interrupt Enable); When this bit is set 
with bit 7 (RDRF) or a bit 6 (ORFE) set, it will 
permit an IRQ,. When clear, IRQ, interrupt is 
masked. 

Bit 5 TDRE (Transmit Data Register Empty); When the data 
transfer is made from the Transmit Data Register 
to Output Shift Register, it is set by hardware. The 
bit is cleared by reading the. status register and 
followed by writing the next new data into the 
Transmit Data Register. TDRE is initialized to 1 
by RES. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 


Bit 1 
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framing error occurs (receive only), it is set by followed by reading the receive data register, or by 
hardware. Over Run Error occurs if the attempt is RES. 

made to transfer the new byte to the receive data Bit 7 RDRF (Receive Data Register Full); It is set by hardware 
register with the RDRF set. Framing Error occurs when the data transfer is made from the receive 
when the bit counters are not synchronized with shift register to the receive data register. It is 
the boundary of the byte in the bit stream. The bit cleared by reading the status register and followed 
is cleared by reading the status register and by reading the receive data register, or by RES. 

Bit? Rate and Mode Control Register BO 


Econ 


Transmuit/Receive Control and Status Register 


sar eeend me] we [ve] ve] ] 





Transmit Data Register 


Figure 19 Serial 1/O Register 


7 6 5 4 3 2 1 ie) 
DTT [ee [ee [a5 Je] 2000 


Transfer Rate / Mode Control Register 


Table 5 SCI Bit Times and Transfer Rates 










4.9152MHz 
1.2288MHz 
13. 4s/76,800Baud 
104.24s/ 9,600Baud 
833.3us/ 1,200Baud 
3.333ms/ 300Baud 















26 us/38,400 Baud 
208s/4,800 Baud 
1.67ms/600 Baud 
6.67ms/150 Baud 


16 ys/62,500 Baud 
128 yus/7812.5 Baud 
1.024ms/976.6 Baud 
4.096ms/244.1 Baud 





Table 6 SCI Format and Clock Source Contro! 














CC1: CCO 


Clock Source 


Port 2 Bit 3 


Port 2 Bit 2 Port 2 Bit 4 












Oo 1 Internal Not Used *s 
1 0 Internal Output* of. 
1 1 External 


input 


* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = ‘1 in TRCS, 
Bit 4 is used for serial output if TE = 1" in TRCS. 
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© Transfer rate/Mode Control Register (RMCR) 
The register controls the following serial I/O variables: 
+ Bauds rate * data format * clock source 
* Port 2 bit 2 feature mis 
It is 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 
es a Speed Select 
These bits select the Baud rate for the internal clock. The 
rates selectable are function of E clock frequency within the 
MPU. Table 5 lists the available Baud Rates. 
fh : eer Clock Control/Format Select 
They control the data format and the clock select logic. 
Table 6 defines the bit field. 


@ Internally Generated Clock 

If the user wish to employ externaly a internal clock for the 
serial I/O, the following requirements should be noted. 

* The values of RE and TE have no effect. 

*CC1, CCO must be set to “10”. 

* The maximum clock rate will be E/16. 

* The clock is once the bit rate. 


@ Externally Generated Clock 
If the user wish to supply an external clock for the Serial 
1/O, the following requirements should be noted. 
*The CC1, CCO, field in the Rate and Mode Control Register 
must be set to “11” (See Table 6). 
* The external clock must be set to 8 times the desired baud 
rate. 
*The maximum external clock frequency is half of E clock. 


® Serial Operations 

The serial I/O hardware must be initialized by the HD6303R 
software prior to operation. The sequence will be normally as 
follows. 

* Writing the desired operation control bits to the Rate and 

Mode Control Register. 

* Writing the desired operation control bits to the TRCS 

register. 

If using Port 2 bit 3, 4 for serial I/O, TE, RE bits may be 
preserved set. When TE, RE bit cleared during SCI operation, 
and subsequently set again, it should be noted that the setting 
of TE, RE must refrain for at least one bit time of the current 
baud rate. If set within one bit time, there may be the case 
where the initializing of internal function for transmit and 
receive does not take place. 


@ Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 
register, When set, gates the output of the serial transmit shift 
register to Port 2 bit 4 which is unconditionally configured as an 
output irrespectively of corresponding DDR value. 

Following RES the user should configure both the RMC 
tegister and the TRCS register for desired operation. Setting the 
TE bit during this procedure causes a transmission of ten-bit 
preamble of “1”s, Following the preamble, internal synchroni- 
zation is established and the transmitter section is ready to 
operate, Then either of the following states exists. 

(1) If the transmit data register is empty (TDRE = 1), the 

consecutive “1”s are transmitted indicating an idle lines. 


(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output shift 
register and data transmission begins. 

During the data transfer, the O start bit is first transferred. 
Next the 8-bit data (beggining at bitO) and the stop bit. When 
the transmit data register has been empty, the hardware sets the 
TDRE flag bit: If the MCU fails to respond to the flag within 
the proper time, TDRE is preserved set and then a 1 will be sent 
(instead of a 0 at start bit time) and more 1s will be set succes- 
sively until the data is supplied to the data register. While the 
TDRE remains a “1”’, no “0” will be sent. 


@ Receive Operation 

The receive operation is enabled by the RE bit, gating the 
serial input through Port 2 bit 3. The receive section operation 
is conditioned by the contents of the TRCS and RMC register. 
In the normal non-biphase mode, the received bit stream is 
synchronized by the first “0” (space). During 10-bit time, the 
approximate center is strobed. If the tenth bit is not “‘1” (stop 
bit), the system assumes a framing error and the ORFE is set. 

If the tenth bit is “1”, the data is transferred to the receive 
data register, with the interrupt flag set. If the tenth bit of the 
next data is received, however, still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the MCU read of the status register as a response to 
RDRF flag or ORFE flag, following the MCU read of the receive 
data register, RDRF or ORFE will be cleared. 


s RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 
information about standby RAM. 


RAM Control Register 
Z 6 5 4 3 2 +1 +o 
ose oe ee) x | | 
Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable. 

Using. this control bit, the user can disable the RAM. 
RAM Enable bit is set on the positive edge of RES, and RAM 
is enabled. With the program control, it is capable of writing 
“1” or “OQ”. With the disabled RAM (logic “0”), the RAM 
address becomes external address and the MPU may read the 
data from the outside memory. 

Bit 7 Standby Bit 

This bit is cleared when the V,,,. voltage is removed. This bit 

is a read/write status flag that user can read. If this bit is pre- 


served set, indicating that Vc voltage is applied and the 
data in the RAM is valid. 


® GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6303R has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the change instruction of the index and the accumulator, 
the sleep instruction are added. This section describes: 
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*MCU programming model (See Fig. 20) 

» Addressing modes 

*Accumulator and memory manipulation instructions (See 
Table 7) 

* New instructions 

*Index register and stack manipulation instructions (See 
Table 8) 

+ Jump and branch instructions (See Table 9) 

*Condition code register manipulation instructions (See 
Table 10) 

*Op-code map (See Table 11) 

* Cycle-by-cycle operation (See Table 12) 


@ MCU Programming Model 

The programming model for the HD6303R is shown in Fig- 
ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


index Register (X) 
Stack Pointer (SP) 


Program Counter (PC) 





7 oO 
nooo 


Condition Code Register (CCR) 





Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Figure 20 MCU Programming Model 


@ MCU Addressing Modes 

The HD6303R has seven address modes which depend on 
both of the instruction type and the code. The address mode for 
every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to 11). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 Bytes in the machine 
ie; locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user’s data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM each 
have three. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
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memory. These are three-byte instructions. 
indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, this carry 
is added to the upper 8 bits in the Index Register. The result is 
used for addressing memory. Because the modified address is 
held in the Temporary Address Register, there is no change to 
the Index Register. These are two-byte instructions but AIM, 
OIM, EIM, TIM have three. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of —126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 
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Table 7 Accumulator, Memory Manipulation Instructions 







Condition Code 

Addressing Modes Register 
Cerne: TIMMED [DIRECT | INDEX Siithioncte Oeoston (2413210 ]o 
or leer lel lo BOERE 
Add [ADDA | 88 [2|2 98, EACIED RCAC ED OE : 
T_apos | cal2{2 [os f2[relei3|_| | jerm-8 [tle ltieleys 
Add Double Tasco tes[o[efonlelele[e[e ofels] “1 f fa wewmeree tele Tr : 
Add Accumulators [| | [ [welififa+e-a ft lelatele it 
Add With Corry aor eae lelalimtatietal 1 lasiesas lee 
[aves foo 2[2 os{s [alee falalrefala{ tT { fermecsa  fetehitity ; 
ine [_ANDA _|8a|212[9«|3 |2|aal4|2|eale|3| | | [AM—A lelels[e[rle 
[anos [ca|2[2los[s|2les[al2lraje[3} | | [em—e  leleli le [ale 
Bix Test [_sita [as |2|2 [95 |3|2|as|4|2lesie|3| | | JAM ‘je le|tle[rfe 
Tere |es(2[2[os[3i2les[«l2[rsj«i3/ | | fam —ifeie|#[s[r[e 
Clear Te 
[cra | 1171 71] [fff ii[i[jo-a |ele|m[s|alr 
ee CET R 
Comers | _cmea_ [ei [2[2 [91 [3 |2[ari«(2(e1le(a| | ooggoe 
jer [2 | [2 [Fr {4 [3 | DOBREE 


ewe Tera or ee ed 
i se OE 
Accumulators 
Complement, 1's a CE s 
|_COMA_| 


ee ae Be, Er 

coms [TTP Trt tt fy ist fess tele ff als 

Complement,2’s | NneG | [| | [| { | |eole[2{7o [6[3{ | | [oo-m—M fe je [3] |@1® 
(Negatl as fe lefts [ole 
| nece | [|] [TTT TT yt TT [sofi[vfoo-e~se [fe [els] [ola 

Serres coe 
Decrement Tes fee fra fo a M-t=m ooggo0 
|_oeca | | | | PT tT feats fa-1-a Tele [eT fole 

oes | 111 111 [tt TT [sttpfe-1-e  [elefs[e fale 

Exclus OR | ona [ea |z|zjoe|s|2faslel jes lela| | | [A@m=a [ele] fre 
| EoRB {ce |2 | [3 |2]ea{4[2fesi4i3] | | fe@u~s [ele lstiale 

inermene [nc 11 | { | feclelzfrelels| | | [met-m le [[+[t Joe 
Power TTP TT feet fastea ee pale 

pce | of | | TE TT TT Tt scfitvfe+i-e fe fe [es [ole 

Lod Loaa a6 |2 [2 |96 {3 [2 [ac [a2 les [ais] [| {| [moa Te fe [ie [ie [ro 
scumuistor _[“coas [os [2 [2 Jos|s lz les [eles [«|3| | | [m=e —id fe fe [|e 
setomaer | '00 [ec |a[a foc]« alec} 2 frc|s|a] | | [mer~am-a [ole [+ [2 |R]> 
Munipivunsines | met | {| [1] { [| [aliifae-ae ([elele[elo(o 
OR, ince | _onaa [@al2[a|sala|z[aala[zfeala|s| [| [arw=a  [elele[e|Ale 
[onaa_[cal2(2foala|2feal@|2[rata|s| [| jeem=e [ele [re [rye 

Push Data ee ee eee ee LIL ee oa 
| psoe | of tT dT tT TT tT Tt [37 [ats [e~mepsp-1-~sp [eo [eo lelelele 

Pull Data fpua tp Tt? tT Te tt tf Tf [s2]3 [1 [se+1~se,mip-a Te [eo lol [ole 
ews | ttt ttt TTT JT Iss[s]s[orei=seme=8 fe lelololele 

Rowen | moe | || | | | felela|lelst | T Iu OOOBOD 
roca | TTT Tt Tt tT peri ),| Socom ert lop 
aes ie Late : fo jos]? [eo 


Snowe eta] 
Rotate Right ri tf | fy | {| | [mu OOO 
a ee eee 4) CHOI [eo fe fe te fore 
rete tettets 


Note) Condition Code Register will be explained in Note of Table 10. (to be continued) 
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Table 7 Accumulator, Memory Manipulation Instructions 


Operation sae Ta 
eee ai Gieageaocan 
piu 
Aaieheresie rae atte A 
[asia | 
if 
eee Pee CCT | sae 
Shift Right |_| [er [6 [2 177 Je | 
Arithmetic +4 ee ee ts 
ASRB an fede fe] | 
Shift Right ir | | TT Cf [fos [oj2 [74 [6 [3] | 
Logics 88 te A 
f usrs | | | 
Double Shift 
Right Logical 


[ staa_ | 


STAB 


Store 
Accumulator 


ee meee et 3 
AO 87 


| | jor] j2 fer [4 ja |r jaa) | | 


Condition Code 
Register 






Boolean/ 
Arithmetic Operation 








| |B-+M 


ASumaata Pre 1 feleesleels [se Eta PE 

Accumulator. BwM+1 

Subtract SUBA Boonn $ 
SUBB ieee eles ete ote et B-M— —— fo i# {3 [313 


Double Subtract 





BELILCOLORE SOOO 


pone rae) TEE EEL PLR r PR 
Accumulators 
Subtract | [A- M-C7+A jefe |tis {3 {t 
ey See let See aoe Hy B-M-C~B CCE 
Transfer TTT Tet TT TT fi) [i [fas Le je [t/t |RIe 
Genser ee aR |. ee ae | [daz fatitesa sd Jo Ts Ta [Ro 
Test Zero or Tt Tt fT feofsl2frofa[s[ | | [m-o0 =o fo Ie Is [RIA 
mee Be Dae ee ee nn cee CRTIEC A 
| tsa | [TT | Tt tT tT [so] Js [e - 00 DOGROG 
Andimmediate | AIM | | [ [7je[sifei{7{3{ | | [ | [ [mimmom ele [t/t [rle 
ORimmediate | om | | | i7zieisiez{7{3] | TT [| [w+immm [ele [[i [ale 
EOR immediate | em | | | [7sielsiesi7{3} | | | | | [uemm-m  fele[s[i [rie 
Test immediate | tim || els isieat sisi Pe Mim fete fi ts [Re 


Note) Condition Code Register will be explained in Note of Table 10. 


@ New Instructions 
In addition to the HD6801 Instruction Set, the HD6303R 

has the following new instructions: 

AIM ----(M) + (IMM) > (M) 
Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM---- (M) + (IMM) > (M) 
Evaluates the OR of the immediate data and the 
memory, plaees the result in the memory. 

EIM-- --(M) @ (IMM) > (M) 
Evaluates the EOR of the immediate data and the 
contents of memory, places the result in memory. 
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TIM----(M) * (IMM) 
Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 

second is immediate data, the third is address modifier. 

XGDX- -(ACCD) + (IX) 
Exchanges the contents of accumulator and the index 
register. 


‘SLP----The MPU is brought to the sleep mode. For sleep 


mode, see the “‘sleep mode”’ section. 
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Table 8 Index Register, Stack Manipulation Instructions 






Addressing Modes Cnet 

Pointer Operations [ined | DIRECT [INDEX [EXTEND [IWPLIED | Arthmette Operation [S]e]3 [2[1 [0 
lop |~ | #] oP |~ | # |or |~] # [or [~ | # |op | ~ [x | Hy in |z[vic 

cooveninmeren [Orr eel s|stonfale aclelafeetels] [| Gectemer —etelitatet 
Decrement index Rep | OEX | | | | | it | tt | ft foe{s] je |e [tlele 


Decrement Stack Pntr ae a a A CC : 
Increment Index Reg ff be fap EE et te : 
Increment Stack Paty | INS [| | | oT | tT TT TT [tis fy [sest~se feletelelele 
Load Index Reg | tox [ce[a|s{oela|2leelsi2ire}sia) || [M= Xn (MF 1) ~ Xe retetotetey : 
Load Stack Pntr | wos jae [3 [aloe [a l2facisi2lee(si3| | | [M=shy,imen~se, [ole loi: [rie 
Store Index Reg | stx | | torial fer isa irr isi3) | | [xXw-mx Met) [ele lols [Re 
Store Stack Ptr | STS | ee ee ee ° 


Index Reg~ Stack Pnte| Txs [|| | | — — {1B mes : 
Stack Pntr + Index Reg Ps | Hp sates EES : 
Add [1 [B+X-x | +X~X 


Push Date +3. > Mo, prx-x -~1~+SP On 
Xi -> Map, SP - 1-+ SP 


Pull Date PULX SP +1 SP, Map > Xn ° 
ei Me 
Exchange LT it TTT ET TT liste fs facco-m  [elelelefele 


Note) Condition stk Register will be explained in Note of Table 10. 


Table 9 Jump, Branch Instruction 


Addressing Modes wor ona on 

Operations frevarive[oimect [ inoex [exrenn [imecieo | — SrehTe = Ta 3 [2 Tio 
Lop] ~| # |op|~]«* op|~]|*|op|~ |#|oP|~|# | Hi iinizivic 

Branch Always BRA 20foi2 tt None ee lelelete 
Branch Never | BAN aij 3i2] ft Tt ttt tT TT [None fo fo fo lolol 
Branch If Carry Clear eee fats ey tT tt tt tere ete ete te : 
Branch if CarrySet_ | acs [25] 3i2{ 7 | | ttt ttt tt fen Tetole Totes 
Branchif=Zero | BEQ.—j 27; 3j2) | | i} ttt tt TT jeer lelefelelele 
Branch if > Zero | ace fac] 3j2{ | | {| | | | | Tt | fT [n@veo  felelelelele 
Branch If > Zero Ze DO eee ae ee ee Sooo ° 
Branch tf Higher | BHI f22;3i2) TT | jt TT | | feezeo  felelelelole 


Branehit< Zero] aie ]2*}afay tT] 11] TIT) lznowet lel lole fete 


gerrewre [oe fala TEE TET fever lolol 

me 

Branch I< Zero | oer (aoisj2t | Tt TT I n@ver dele le fo lele 

Branch If Minus eee Co ee 
26 


eon rer [| ome lelaiet TT TT TL | fered fe lel 
Soak If Overfiow : 
Clear 


Brench if Overflow Svs | | iver je te le felele 
Branch If Plus el 
Broneh To Subroutine Se Pt oleae Bg fa 
Jump —— See Special Operations je |e fe [e fe je 
Jump To Subroutine jo je je jele 


women TIT IT LL ee PPP 


Return From Interrupt] RTI | 


Subroutine” cee Tl 
Subroutine See Special Operations oO 


Software Interrupt 


Wait for interrupt mar eo 
OOOO 


Note) “WAT puts a eyes high; Address Bus goes to FF FF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of Table 10. 
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Operations 


Clear Carry 

Clear Interrupt Mask 
Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 
Accumulator A -- CCR 
CCR — Accumulator A 


Table 10 Condition Code Register Manipulation Instructions 


IMPLIED 


ete HE 
—— : 
a o-! oe) aos es 
er ee Ee ee 1 ee Ce 
see oe a fee ° 


cae DSSS LY ES A aero CH 
er Ce Be Es a ‘Tis Te 











{NOTE] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


(Bit V) 
@  (BitC) 
@® (BitC) 
© (Bit Vv) 
© (BitV) 
(Bit N) 
@ = (BitN) 
(All Bit) 
®  (Bitl) 
(All Bit) 
@® = (Bitc) 

















OP ala ee ee 
CODE oe ONO) EXT | IMM | OIR EXT 
HI | ooo | 0001 | 9010 | 0011 “ae [ou Fa oe nt 
lo Not os rai ra te] ie fi 
0000] 0 SBA | BRA | TSX NEG 0 
0001 | 1 | NOP | CBA | BRN Bo i 1 
BS LE 2 
fonts | Tas os ADDD 3 
[ooo | 4 jisRo | ——~jecc [pes [tsk 4 
o101| 5 ae ee ie ae aT 5 
0110; 6 | TAP | TAB | BNE LOA 6 
Tea _[BE0 |PSHB|~ASRSSOSC~CC STA 7 sta 7] 
BVC | PULX ASL me EOR 8 
1001 | 9 [DEX | OAA | BVvS | RTS ROL AOC 9 
eee ee a ORA , 
1011/8] SEV | ABA [emi | ATI | | ADD 8 
woofe [cue | —“ [ace [rsux[NCCdTSCCKC*d’ LoD ¢ 
Ce ca a 
inio/e [cur |--—]act_| wal |] Ped, 22 a ea ea _ Se 
Tinte [se Tae pew fC ls 
pe ete ee ee a ee ee . 


Test: Result = 10000000? 

Test: Result * 00000000? 

Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
Test: Operand = 10000000 prior to execution? 

Test: Operand = 01111111 prior to execution? 

Test: Set equal to NeC=1 after the execution of instructions 

Test: Result less than zero? (Bit 15=1) 

Load Condition Code Register from Stack. 


Condition Code Register 


Set when interrupt occurs. If previously set, a Non-Maskabie Interrupt is required to exist the wait 


state. 
Set according to the contents of Accumulator A. 
Result of Multiplication Bit 7#1? (ACCB) 


Table 11 OP-Code Map 











UNDEFINED OP CODE C=) 
* Only each instructions of AIM, OIM, EIM, TIM 
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@ Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each instruc- 
tion counts the number of cycles taken between the start of the 
current instruction fetch and just before the start of the sub- 
sequent instruction fetch. 

The HD6303R employs a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 


Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


is performed during the current instruction being executed. 


Address Mode & 


Table 12 Cycle-by-Cycle Operation 


Cycles ee Address Bus R/W 


Data Bus 





Operand Data 
Next Op Code 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


erences crn re Yh 


Address of Operand+1 


ey 


Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address 
Accumulator Data 

Next Op Code 

Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 
























































Destination Address + 1 





Instructions 
IMMEDIATE 
ADC ADD 1 Op Code Address+ 1 
AND BIT 2 Op Code Address+2 
CMP EOR 2 
LDA ORA 
SBC SUB 
ADDD CPX 1 Op Code Address+ 1 
LDD LDS 3 2 Op Code Address+2 
LDX SUBD 3 Op Code Address+3 
DIRECT 
ADC ADD 1 Op Code Address+ 1 
AND BIT 2 Address of Operand 
CMP EOR 3 3 Op Code Address+2 
LDA ORA 
SBC SUB 
STA 1 Op Code Address+1 
3 2 Destination Address 
3 Op Code Address+2 
ADDD CPX 1 Op Code Address+ 1 
LDD LDS 4 2 Address of Operand 
LDX SUBD 3 
4 Op Code Address+2 
STD STs 1 Op Code Address+ 1 
STX 4 2 Destination Address 
3 
4 Op Code Address+2 
1 Op Code Address+ 1 
2 FFFF 
3 Stack Pointer 
4 Stack Pointer —1 
5 Jump Address 
TIM Op Code Address+ 1 
4 Op Code Address+2 
Address of Operand 
Op Code Address+3 
AiM EIM Op Code Address+ 1 
OIM Op Code Address+2 
6 Address of Operand 
‘FFFF 
Address of Operand 
Op Code Address+3 
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Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Immediate Data 

Address of Operand (LSB) 
Operand Data 
Next Op Code 
Immediate Data 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 


— Continued — 


Table 12 Cycle-by-Cycle Operation (Continued) 
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Podtess vee . Cycles | Cycle Address Bus R/W Data Bus 
Instructions # 
INDEXED 
JMP 1 Op Code Address+ 1 1 Offset 
3 2 FFFF 1 Restart Address (LSB) 
3 Jump Address 1 First Op Code of Jump Routine 
ADC ADD 1 Op Code Address+ 1 1 Offset 
AND BIT 2 FFFF 1 Restart Address (LSB) 
CMP EOR 4 3 IX + Offset 1 Operand Data 
LDA ORA 4 Op Code Address+2 1 Next Op Code 
SBC SUB 
TST 
STA 1 Op Code Address+ 1 1 Offset 
4 2 FFFF 1 Restart Address (LSB) 
3 IX + Offset 0 Accumulator Data 
4 Op Code Address+2 fs 1 Next Op Code 
ADDD lite Of Op Code Address+ 1 1 Offset 
CPX LDD 2 FFFF 1 Restart Address (LSB) 
LDS LDX 5 3 IX + Offset 1 Operand Data (MSB) 
SUBD 4 IX+Offset+ 1 1 Operand Data (LSB) 
5 Op Code Address+2 1 Next Op Code 
STD STS 1 Op Code Address+ 1 1 Offset 
STX 2 FFFF 1 Restart Address (LSB) 
5 3 IX + Offset 0 Register Data (MSB) 
4 IX+Offset+ 1 0 Register Data (LSB) 
5 Op Code Address+2 1 Next Op Code 
JSR 1 Op Code Address+ 1 1 Offset 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer—1 (@] Return Address (MSB) 
5 |X + Offset 1 First Subroutine Op Code 
ASL ASR 1 Op Code Address+ 1 1 Offset 
COM DEC 2 FFFF 1 Restart Address (LSB} 
INC LSR 6 3 IX+ Offset 1 Operand Data 
NEG ROL 4 FFFF 1 Restart Address (LSB) 
ROR 5 IX + Offset 0 New Operand Data 
6 Op Code Address+ 1 1 Next Op Code 
TIM [1 | Op Code Address+1 1 immediate Data 
2 Op Code Address+2 1 Offset 
5 3 FFFF 1 Restart Address (LSB) 
4 IX + Offset 1 Operand Data 
5 Op Code Address+3 1 Next Op Code 
CLR [4 Op Code Address+1 1 Offset 
2 FFFF 1 Restart Address (LSB) 
5 3 IX + Offset 1 Operand Data 
4 IX + Offset 0 00 
5 Op Code Address+2 1 Next Op Code 
AIM EIM — 1 | Op Code Address+ 1 1 Immediate Data 
OIM 2 Op Code Address+2 1 Offset 
3 FFFF 1 Restart Address (LSB) 
7 4 IX + Offset 1 Operand Data 
5 FFFF 1 Restart Address (LSB) 
6 IX + Offset (0) New Operand Data 
7 Op Code Address+3 1 Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 























rae deatuesons & Cycles mes Address Bus R/W Data Bus 
EXTEND 
“JMP—~~~SC~*~*«=“<s~sSYS*~”:”:CSS~SC*@d?SCOOp ode Aress+1 | +1 +~+~| Jump Address (MSB) 
3 2 Op Code Address+2 1 Jump Address (LSB) 
323 3 Jump Address 1 Next Op Code 
ADC ADD TST! 1 Op Code Address + 1 1 Address of Operand (MSB) 
AND BIT 2 Op Code Address+2 1 Address of Operand (LSB) 
CMP EOR 3 Address of Operand 1 Operand Data 
LDA ORA 4 Op Code Address+3 1 Next Op Code 
SBC SUB : 
STA 1 Op Code Address+ 1 1 Destination Address (MSB) 
2 Op Code Address+2 1 Destination Address (LSB) 
3 Destination Address 0 Accumulator Data 
4 | Op Code Address+3 1 | Next Op Code 
ADDD ~T4 Op Code Address+ 1 ma Address of Operand (MSB) 
CPX LDD 2 Op Code Address+2 1 Address of Operand (LSB) 
LDS LDX 3 Address of Operand 1 Operand Data (MSB) 
SUBD 4 Address of Operand+ 14 1 Operand Data (LSB) 
_}_§ Op Code Address+3 ;_1__| Next Op Code 
STD STS 1 Op Code Address+ 1 1 Destination Address (MSB) 
STX 2 Op Code Address+2 1 Destination Address (LSB) 
3 Destination Address 0 Register Data (MSB) 
4 Destination Address+ 1 Oo Register Data (LSB) 
5 Op Code Address+3 alll if Next Op Code 
JSR 1 Op Code Address+ 1 1 Jump Address (MSB) 
2 Op Code Address+2 1 Jump Address (LSB) 
3 FFFF 1 Restart Address (LSB) 
4 Stack Pointer Oo Return Address (LSB) 
5 Stack Pointer —1 0 Return Address (MSB) 
6 Jump Address 1 First Subroutine Op Code 
~ ASL ASR. | 1 | Op Code Address+1 1 Address of Operand (MSB) 
COM DEC 2 Op Code Address+2 1 Address of Operand (LSB) 
INC LSR 3 Address of Operand 1 Operand Data 
NEG ROL 4 FFFF 1 Restart Address (LSB) 
ROR 5 Address of Operand 0 New Operand Data 
6 Op Code Address+3 1 Next Op Code 
CLR 1 Op Code Address+1 1 | Address of Operand (MSB) 
2 Op Code Address+2 1 Address of Operand (LSB) 
3 Address of Operand 1 Operand Data 
4 Address of Operand 0 00 
5 Op Code Address+3 1 Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 


Setter ner ERRORS ARERR CURES REO oninemneenR en iereemmreneeeemameneen menemmenemeeimnennnememmennenmmteteeeeeen eee teremneemtnenes crear ve 


Address Mode & 


Instructions 
rr rrr pS SS SSS vp hh PSPSPS 


Cycles 


Cycle 
# 


Address Bus 


R/W 


Data Bus 





























IMPLIED 
ABA ABX 1 Op Code Address+1 - 1 Next Op Code 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 1 
LSRD- = ROL 
ROR NOP 
SBA SEC 
SE SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
DAA XGDX 2 1 Op Code Address+ 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
PULA PULB 1 Op Code Address+ 1 1 Next Op Code 
3 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer +1 1 Data from Stack 
PSHA PSHB 1 Op Code Address+ 1 1 Next Op Code 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer Oo Accumulator Data 
4 Op Code Address+ 1 1 Next Op Code 
PULX 1 Op Code Address+ 1 1 Next Op Code 
4 2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer+1 1 Data from Stack (MSB) 
4 Stack Pointer+2 1 Data from Stack (LSB) 
PSHX 1 Op Code Address + 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer 0 Index Register (LSB) 
4 Stack Pointer — 1 (9) Index Register (MSB) 
5 Op Code Address+ 1 1 Next Op Code 
RTS ae Op Code Address+1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer +1 1 Return Address (MSB) 
4 Stack Pointer +2 1 Return Address (LSB) 
5 Return Address 1 First Op Code of Return Routine 
MUL 1 Op Code Address + 1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 FFFF 1 Restart Address (LSB) 
7 4 FFFF 1 Restart Address (LSB) 
5 FFFF 1 Restart Address (LSB) 
6 FFFF 1 Restart Address (LSB) 
7 FFFF 1 Restart Address (LSB) 
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Table 12 Cycle-by-Cycle Operation (Continued) 














Address Mode & Cycles ! Cycle Address Bus R/W Data Bus 
Instructions $ 
IMPLIED 
WAI 1 Op Code Address+1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer—1 (@] Return Address (MSB) 
9 5 Stack Pointer—2 (6) Index Register (LSB) 
6 Stack Pointer—3 fe) Index Register (MSB) 
7 Stack Pointer —4 0 Accumulator, A 
8 Stack Pointer—5 O Accumulator B 
9 Stack Pointer —6 0 Conditional Code Register 
RTI 1 | Op Code Address+1 1 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 1 Conditional Code Register 
4 Stack Pointer +1 1 Accumulator B 
10 5 Stack Pointer+2 1 Accumulator A 
6 Stack Pointer +3 1 Index Register (MSB) 
7 Stack Pointer+4 1 Index Register (LSB) 
8 Stack Pointer +5 1 Return Address (MSB) 
9 Stack Pointer+6 1 Return Address (LSB) 
10 Return Address 1 First Op Code of Return Routine 
Swi [1 | Op Code Address+1 | 1 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer ¢) Return Address (LSB) 
4 Stack Pointer — 1 0 Return Address (MSB) 
5 Stack Pointer — 2 @) Index Register (LSB) 
12 6 Stack Pointer — 3 0] Index Register (MSB) 
7 Stack Pointer — 4 0 Accumulator A 
8 Stack Pointer — 5 0 Accumulator 8 
9 Stack Pointer — 6 0 Conditional Code Register 
10 Vector Address FFFA 1 Address of SWi Routine (MSB) 
11 | Vector Address FFFB 1 Address of SWI Routine (LSB) 
12 Address of SWI Routine 1 First Op Code of SWI Routine 
SLP 1 | Op Code Address+1 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
I FFFF High Impedance-Non MPX Mode 
| Address Bus -MPX Mode 
4 oiceP 
\ 
3 FFFF Restart Address (LSB) 
4 Op Code Address+1 Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 





srt paint & Cycles ae Address Bus R/W Data Bus 
RELATIVE 

BCC BCS 1 Op Code Address+1 1 Branch Offset 
BEQ ~— BGE 3 2 FFFF 1 Restart Address (LSB) 
BGT BHI 3 Branch Address::----Test="1" 1 First Op Code of Branch Routine 
BLE BLS Op Code Address+1---Test="0" Next Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR | 1. | Op Code Address+1 | 1 | Offset 

2 FFFF 1 Restart Address (LSB) 

5 3 Stack Pointer (6) Return Address (LSB) 
4 Stack Pointer—1 (0) Return Address (MSB) 
5 Branch Address 1 First Op Code of Subroutine 











@ LOW POWER CONSUMPTION MODE 
The HD6303R has two low power consumption modes; sleep 
and standby mode. 


@ Sleep Mode 

On execution of SLP instruction, the MCU is brought to the 
sleep mode. In the sleep mode, the MPU sleeps (the MPU clock 
becomes inactive), but the contents of the registers in the MPU 
are secured. In this mode, the peripherals of MPU will remain 
operational. So the operations such as transmit and receive of 
the SCI data and counter may keep on functioning. In this 
mode, the power consumption is reduced to about 1/6 the 
value of a normal operation. 2s 

The escape from this mode can be done by interrupt, RES, 
STBY. The RES resets the MCU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the MPU and accepted, the sleep mode escapes, 
then the MPU is brought to the operation mode and vectors to 
the interrupt routine. When the MPU has masked the interrupt, 
after releasing from the sleep mode, the next instruction of 
sleep starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
MPU. 


2 STBY | 
| r | | 
| ! 


| 
| t ! 
— 
> Stack 
> RAM control 
register set 








Osciilator | 
starting 
time 

restart 


Figure 21 Standby Mode Timing 
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This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not always drive. 


® Standby Mode 

Bringing STBY “Low”, the MPU becomes reset with all 
clocks of the HD6303R inactive and goes into the standby 
mode. This mode remarkably reduces the power consumptions 
of the HD6303R. 

In the standby mode, the HD6303R is continuously supplied 
with power so the contents of RAM is retained. The standby 
mode should escape by the reset start. Thé following is the 
typical application of this mode. 

First, NMI routine stacks the MCU’s internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power supply and the contents of RAM is normally guaran- 
teed. The system recovery may be possible by returning SP and 
bringing into the condition before the standby mode has 
started. The timing relation for each line in this application is 
shown in Figure 21. 


323 


HD6303R,HD63A03R,HD63B03R 


® ERROR PROCESSING 

When the HD6303R fetches an undefined instruction or 
fetches an instruction from nonresident memory area, it 
generates the most precedent internal interrupt, that may 
protect from system burst due to noise or a program error. 


@ Op-Code Error 

Fetching an undefined op-code, the HD6303R will stack the 
MPU register as in the case of a normal interrupt and vector to 
the TRAP ($FFEE, $FFEF), that has a second highest priority 
(RES is the highest). 


@ Address Error 

When an instruction is fetched from other than a resident 
RAM, or an external memory area, the MPU starts the same 
interrupt as op-code error. In case where the instruction is 
fetched from external memory area of non-resident memory, it 
cannot function. 

The addresses which cause address error are as shown in 
Table 13. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. Figures 23, 24 show a 
system configuration. 

The system flow chart of HD6303R is shown in Fig. 25. 


Table 13 Address Error 


$0000 ~ $001F 









Enable 





peter 
peter 


ae 
Strobe 
= H 





Address Bus Data Bus 


Figure 23  HD6303R MCU Multiplexed Mode 
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Figure 22 Transitions among Active Mode, Standby Mode 
Sleep Mode, and Reset 





| HoesoaR wou | MCU 


Address Bus Data Bus 


Figure 24 HD6303R MCU Non-Multiplexed Mode 
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RESET 


[VECTORING 

















(A) [CFEFE-FFFF 





PCL — MSP 


YES 





PCH -+ MSP-1 


NO IXL — MSP-2 
CO IXH + MSP-3 
NO EXECUTE ACCA — MSP-4 
YES INSTRUCTION ACCB + MSP-5 
(B) FETCH 
NO CCR — MSP-6 


(ee YES 








































VECTORING 


FFEE, FFEF 


VECTORING 


FFFC, FFFD 


VECTORING 


FFF, FFF9 


VECTORING 
FFF6, FFF7 


VECTORING 
FFF2, FFF3 


VECTORING 
FFFO, FFF1 





NMI INTERRUPT 
REQUEST FLAG 
CLEAR 











INTERRUPT REQUEST FLAG 
EXCEPT NMI CLEAR 


Figure 25 HD6303R System Flow Chart 
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 8 PIN CONDITIONS AT SLEEP AND STANDBY STATE 


TION CIRCUIT @ Sleep State 
As shown in Fig. 26, there is a case that the cross talk dis- The conditions of power supply pins (pins 1 and 21), clock 
turbs the normal oscillation if signal lines are set near the pins (pins 2 and 3), input pins (pins 4, 5, 6 and 7) and E clock 


oscillation circuit. When designing a board, pay attention to pin (pin 40) are the same as those of operation. Refer to Table 
this. 14 for the other pin conditions. 


@ Standby State 

Only power supply pins (pins1 and 21) and STBY (pin 7) 
are active. As for the clock pin EXTAL (pin 3), its input is fixed 
internally so the MCU is not influenced by the pin conditions. 
XTAL (pin 2) is in “1” output. All the other pins are in high 
impedance. 





1 


2 (XTAL) 







3 (EXTAL) 





HD6303R 


----------} ---4--—-Signal line 
------~---|----]--- Signal line 





Figure 26 Precaution to the boad design 
of oscillation circuit 


Table 14 Pin Condition in Sleep State 


Pin Non Multiplexed Mode Multiplexed Mode 














Pins 1/0 Port 1/0 Port 

8~12 | Condition | Keep the condition just before sleep —_— 

Pins | Function | Address Bus (Ap ~A7) 1/0 Port 
13~20 Keep the condition just before sleep 

Pins Address Bus (Ag ~ Ais) Address Bus (Ag ~A\s) 
os Output “1” — 

Pins Data Bus (Dp ~D-) E: Address Bus (Ao ~Av), E: Data Bus 
30~37 High Impedance E: Output “1”, E: High Impedance 
pee R/W Signal R/W Signal 

! Output 1" : = 
Pin39 [| = Output AS 





« DIFFERENCE BETWEEN HD6303 AND HD6303R Table 15 Difference between HD6303 and HD6303R 


The HD6303R is an upgraded version of the HD6303. The 
HD6303 HD6303R 


difference between HD6303 and HD6303R is shown in Table 
Operating Mode 2: Multiplexed 


15. 
Mode 2: Not defined Mode 
Mode (Equivalent to Mode 4) 


The electrical character- | Some characteristics 
istics of 2MHz version are improved. 

(B version) are not spec- | The 2MHz version is 
ified. guaranteed, 

Has problem in output 
compare function. 
(Can be avoided by soft- 
ware.) 































Electrical 
Character- 
istics 

















The problem is solved. 
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MICROCOMPUTER SYSTEM 
HD6305X0, HD63A05X0, HD63B05X0 
CMOS MCU (Microcomputer Unit) 


The HD6305X0 is a CMOS version of the NMOS 8-bit single- 
chip microcomputer, HD6805X0. The CMOS unit is upward 
compatible with the HD6805 family in respect to instructions. 
On the chip of the HD6305X0, a CPU, a clock generator, a 
4KB ROM, a 128-byte RAM, 55 I/O terminals, two timers and 
a serial communication interface (SCI) are built in. Because of 
the CMOS process, the HD6305X0 consumes less power than 
the NMOS HD6805X0. In addition, three low power dissipa- 
tion modes (stop, wait, and standby) support the low power 
operating. 

Other distinguished features include enhanced instruction 
cycle of the main instructions and the use of three additional 
instructions to obtain more improved system throughput. 


— PRELIMINARY — 


HD6305X0P, HD63A05X0P, 
HD63B05X0P 


® HARDWARE FEATURES 


© 8-bit based MCU 
e 4096-bytes of ROM 
e128-bytes of RAM 
eA total of 55 terminals, including 32 !/O's, 7 inputs and 16 
outputs 
e Two timers 
— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 
— 15-bit timer (commonly used with the SCI clock divider) 
e On-chip serial interface circuit (synchronized with clock) 
eSix interrupts (two external, two timer, one serial and one 
software) 
e Low power dissipation modes 
— Wait .... In this mode, the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt func- 
tion is operatable. 
~— Stop.... In this mode, the clock stops but the RAM 
data, I/O status and registers are held. 
— Standby.. In this mode, the clock stops, the RAM data 
is held, and the other internal condition is 


HD6305X0 








reset. 
e Minimum instruction cycle time 
— HD6305X0 ..... 1 ps (f = 1 MHz) 
— HD63A05X0 .... 0.67 us (f = 1.5 MHz) 
— HD63B05X0 .... 0.5 us (f = 2 MHz) ; 
e Wide operating range (Top View) 
Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 
— HD6305X0..... f= 0.1 to 1 MHz (Vcc = 5V + 10%) 
— HD63A05X0 .... f = 0.1 to 1.5 MHz (Vcc = 5V + 10%) 
— HD63B05X0 .... f=0.1 to 2 MHz (Vcc = 5V + 10%) 


eSystem development fully supported by an evaluation kit 


= SOFTWARE FEATURES 


e Similar to HD6800 
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e Byte efficient instruction set e Ten powerful addressing modes 

e Powerful bit manipulation instructions (Bit Set, Bit Clear, and e All addressing modes adaptable to RAM, and !/O instructions 
Bit Test and Branch usable for all RAM bits and all 1/O termi- eThree new instructions, Stop, Wait and DAA, added to the 
nals) HD6805 family instruction set 

eA variety of interrupt operations elnstructions that are upward compatible with those of Moto- 

e Index addressing mode useful for table processing rola’s MC6805P2 and MC146805G2 


eA variety of conditional branch instructions 


8 BLOCK DIAGRAM 


XTAL EXTAL RES NUM INT STB’ 


< 













i i iscella- 
P Timer/ Oscillator 
Register 





Accumulator 


Ao 
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A ag Register “« D2 ~=Terminals 
Ay i gee cor ee 
Stack 
6 Pointer sp 
Bo Program 
B, 6s Counter ‘eu Eo 
PortB = Bz ons|22 6 “High” PCH L . = 
1/0 e tZlo é Program o 3 es Port E 
Terminals ,* eg a ‘ Counter Bei 5 > E? Output 
Ee Aas ov a —, Terminals 
6 1 . 
By Es 
7 
Port C a ~| os e 
1/0 C og! 2 2 4096 x8 128x8 . F, 
Terminals c; Se Oo 8 ROM RAM ee Fa Port F 
Ce a £ 5D 3 Output 
Cisse 6 § F 
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C6/Rx oa] 5 
C7/Tx fe 
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Control “re & 
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z 4 2los Gr Port G 
Serial zs £ 
age ct 2 Gs VO 
Status élse ; 
Register £ & @ Gi Terminals 
o § Gs 
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G, 





® ABSOLUTE MAXIMUM RATINGS 


[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 


be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
Operation, we recommended Vin, Vout: Vss S$ (Vin OF Vout! S Vec- 
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® ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Vcc = 5.0V + 10%, Vsg = GND and T, = 0 ~ +70°C unless otherwise specified) 


STBY 
ian || ec-os | - | Vecros |v 
ae ig or 
ae, esc 
Vv 


Input volt- 


= TBD uA 





Input TIMER, —— 
leakage ee 5 BA 
Yaw, 

current nd 

Three- 

state 

current pA 

Input All = py F 
; p 

capacity terminals Vin = 

* The value at f = xMHz can be calculated by the following equation: }— Ic (f = xMHz) = Icc (f = 1MHz) multiplied by x 


**At standby mode 


@ AC Characteristics (Vcc = 5.0V + 10%, Vsg = GND and Ta = 0 ~ +70°C unless otherwise specified) 


Item Symbol éondition [Min | Typ | Max | Min | Typ | Max | Min] vp Max | Unit 


Clock f 
frequency cl 
INT pulse 

INT2 pulse t 
width IWL2 
RES pulse 


TIMER pulse 


width tTWL 
Oscillation 

start time tosc 
(crystal) 





Reset delay External cap. 
time a ae 
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© Port Electrical Characteristics (Voc = 5.0V + 10%, Vsg = GND and Ta = 


Test 









Output volt- 
age ‘‘High’’ 


Output volt- 
age ae Low’ 





Input volt- 
age “High’’ 


Input volt- 
age “‘Low’”’ 






Input leak- 
age current 


Vec 
TTL Load 
(Port) lot =1.6mA 2.4kQ 
Test point ——— 


terminal 





[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. All diodes are 182074 (A). 


Figure 1 Test Load 


® DESCRIPTION OF TERMINAL FUNCTIONS 
The input and output signals of the HD6305X0 are described 
here. 


°Vcc. Vss 
Voltage is applied to the HD6305X0 through these two 
terminals. Vcc is 5.0V + 10%, while Vsg is grounded. 


e INT, INT2 
Extemal interrupt request inputs to the HD6305X0. For 
details, refer to “INTERRUPTS”. The INT2 terminal is also 
used as the port De terminal. 


eXTAL, EXTAL 
These terminals provide input to the on-chip clock circuit. 
A crystal’ oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to “INTERNAL 
OSCILLATOR” for using these input terminals. 


e TIMER 
This is an input terminal for event counter. 
“TIMER” for details. 
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Refer to 


lon = -10nA 


lot = 1.6mA 











0 ~ +70°C unless otherwise specified) 






ad a 







eRES 
Used to reset the MCU. Refer to “RESET” for details. 


eNUM 
This terminal is not intended for user applications. It must 
be grounded to Vss. 


e Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~ C7, Go ~ 
G7) 
These 32 terminals consist of four 8-bit I/O ports (A, B,C, 
G). Each of them can be used as an input or output terminal 
on a bit through program control of the data direction register. 
For details, refer to “INPUT/OUTPUT.” 


e input Terminals (D1 ~ D7) 

These seven input-only terminals are TTL or CMOS com- 
patible. Of the port D’s, De is also used as INT2. If De is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to “1” to prevent an INT2 interrupt 
from being accidentally accepted. 








e Output Terminals (Eo ~ E7, Fo ~ F7) 
These 16 output-only terminals are TTL or CMOS com- 
patible. 


eSTBY 
This terminal is used to place the MCU into the standby 
mode. With STBY at “Low” level, the oscillation stops and 
the internal condition is reset. For details, refer to “STAND- 
BY MODE.” 





The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C;, Cs and C,. For details, refer to “SERIAL COM- 
MUNICATION INTERFACE.” 


@CK (Cs) 
Used to input or output clocks for serial operation. 


@Tx (C7) 
Used to transmit serial data. 


e Rx (Ce) 
Used to receive serial data. 


@MEMORY MAP 

The memory map of the HD6305X0 MCU is shown in 
Fig: 2. During interrupt processing, the contents of the MCU 
registers are saved into the stack in the sequence shown in 
Fig. 3. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CCR) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 



















(¢) $00 
1/0 Ports 1 $01 
aimee 2 $02 
3 $03"* 
4 $04" 
5 $05* 
(128Bytes) Sane 
stack 7 $07" 
8 $08 
9 $09 
10 $0A 
11 $0B 
12 $0C 
13 $0D 


16[ sci cTAL Reg |$10 


17[-scr sts Reg _|$11 
18] SCI Data Reo _1$12 


Not Used 
Not Used 
$7F 


* Write only register 
** Read only register 


16383 $3FFF 


Figure 2 Memory Map of HD6305X0 MCU 


76 5 43 2 1 


Pull 





n+1 


n+2 


* In a subroutine cali, only PCL and PCH are stacked. 






n+3 





n+4 





n+5 





Push 


Figure 3 Sequence of Interrupt Stacking 
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= REGISTERS 
There are five registers which the programmer can operate. 


7 


(@) 
7 o 4 
ee ae | 
= o Pro ram 
ane (55-4 
13 765 0 : 
fofofofofofo[s[s] se Beater 


Register 


Borrow 


Zero 





Figure 4 Programming Model 


e Accumulator (A) 
This accumulator is an ordinary 8-bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 


e Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address, 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 


e Program Counter (PC) 
The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 


Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address SOOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack. pointer (RSP) instruction, 
the pointer is set to address SOOFF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 


Condition Code Register (CCR) 
The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CCR bits are as follows: 


Half Carry (H): Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 


se 72 


Interrupt (I): 


Negative (N): 


Zero (Z): Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 

Carry/ Represents a carry or borrow that occurred 


Borrow (C): in the most recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


# INTERRUPT 
There_are six different types of interrupt: external inter- 
rupts (INT, INTz), internal timer interrupts (TIMER, 
TIMER: ), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 


1 

$FF—SP 
O—DDR’S 
CLR INT Logic 
$FF-TDR 





$7F—Timer Prescaler 
$50—TCR 
$3F—SSR 
$00—SCR 
$7F—-MR 





Load PC From 
Reset:$1FFE, $1FFF 
: 3 


N 








Figure 5 
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Fetch 
Instruction 


Execute 
Instruction 





Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 


Table 1 


Priority of Interrupts 










Vector Address 
S1FFF 






Interrupt 









$1FFC, 
$1FFA, $1FFB 
TIMER/INT2 
SCI/TIMER2 


A flowchart of the interrupt sequence is shown in Fig. 5. 
A block diagram of the interrupt request source is shown in 


Fig. 6. 
IN] Y__INT 


INT2 
MR6 =0,MR7 = 12 
Edge 


TIMER 
“TCR6=0.TCR7 
=1? 
a 
SSRS=0,SSR7 


TIMER2 
SSR4 AU. SSne 












Load PC From 
SWI:$1FFC,$1FFD 
INT:$1FFA,$1FFB 
TIMER: $1FF8,$1FFS 
INT2:$1FF8,$1FF9 
SCI:$1FF6,$1FF7 
TIMER 2:$ 1 FF6,$1FF7 














Execute 
Instruction 









Interrupt Flowchart 





In the block diagram, both the external interrupts INT and 
INT? are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The [NT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if “0” is written in bit 7 of the miscellaneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER ) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to the priority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER: interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc- 
tions. This is also true with the status of the INT2 terminal. 





e Miscellaneous Register (MR; $000A) 

The interrupt vector address for the external interrupt 
INT? is the same as that for the TIMER interrupt, as shown 
in Table 1. For this reason, a special register called the miscel- 
laneous register (MR; $000A) is available to control the 
INT2 interrupts. 





HD6305X0,HD63A05X0, HD63B05X0 


Bit 7 of this register is the INT2 interrupt request flag. 
When the falling edge is detected at the INT2 terminal, “1” 
is set in bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 





Miscellaneous Register (MR;$000A) 


7.6 5 4 3 2 1 +0 
MayMReL “1 | 


INT2 Interrupt Mask 
INT2 Interrupt Request Flag 









Miscellaneous Register (MR; $000A) 


Bit 6 is the INT2 interrupt mask bit. If.this bit is set to “1”, 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but “1” cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 
When reset, bit 7 is cleared to “0” and bit 6 is set to “1”. 





aTIMER 
Figure 7 shows an MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 
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register (TDR) becomes ‘‘0”, the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the MCU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and $iFF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal'is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached 0, it starts counting down 
with “FF”. The count can be monitored whenever desired 
by reading the timer data register. This permits the program 
to know the length of time having passed after the occurrence 
of a timer interrupt, without disturbing the contents of the 
counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic ‘1’. The timer interrupt request bit 


(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write “O” in that bit. 







Timer interrupt request 
Absent 


Present 







Timer interrupt mask 
Enabled 
Disabled 









(Internal 
Clock) 






+1 


TIMER 
Input 
Terminal Multiplexer 
Timer Data 
Register 





Clock Input 


Write 


(TDR;$0008) 


8-Bit Counter 


Read 





e Timer Control Register (TCR, $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 1 (@] 
ofoferforforfefafen 
— [>_> 
to Prescaler division ratio selection 
Prescaler initialize 
Clock input source 


Timer interrupt mask 
Timer interrupt request 









After reset, the TCR is initialized to “‘E under timer termi- 
nal control” (bit 5 = 0, bit 4 = 1). If the timer terminal is 
“1”, the counter starts counting down with “FF” immediately 
after reset. 

When “1” is written in bit 3, the prescaler is initialized to 
*$7F”. This bit always shows “0” when read. 


Table 2 Ciock Source Selection 









Clock input source 


Internal clock E 
E under timer terminal control 


No clock input (counting stopped) 





Event input from timer terminal 


Initialize 


Timer Control 
Register 


(TCR;$0009) 








Timer Interrupt 


Figure 7 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: +1, +2, +4, 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the 
+1 mode. 


Table 3 Prescaler Division Ratio Selection 


TCR 
ler divis; ; 
Bit 2 Prescaler division ratio 
a) ee! " 


0 : 
0 : 


A timer interrupt is enabled when the timer interrupt mask 
bit is “0”, and disabled when the bit is “1”. When a timer 
interrupt occurs, “1” is set in the timer interrupt request bit. 
This bit can be cleared by writing “O” in that bit. 


BSERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 ys to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 8.) SCI communicates with the MPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 


®SCI Control Register (SCR; $0010) 


7 6 5 4 3 2 1 i) 
SCR7|SCR6}SCR5 |SCR4 |SCR3 


SCI Control Registers (SCR; 0010) 
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Figure 8 SC! Block Diagram 
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C; terminal 
Used as I/O terminal (by DDR). 


Serial data output ( DDR output) 


C, terminal 


Used as 1/O terminal (by DDR). 





Serial data input (DDR input) 





C, terminal 





Used as !/O terminal (by 
DDR). 


| o | Internal 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the C, 
becomes “1” and this terminal serves for output of SCI data. 
After reset, the bit is cleared to “0”. 










Clock output (DDR output) 





Clock input (DDR input) 





Bit 6 (SCR6) 
When this bit is set, the DDR corresponding to the C, 
becomes “0” and this terminal serves for input of SCI data. 
After reset, the bit is cleared to “‘0”’. 


Bits 5 and 4 (SCRS5, SCR4) 
These bits are used to select a clock source. After reset, 
the bits are cleared to “0”. 


Bits 3 ~ 0 (SCR3 ~ SCRO) 
These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to “0”. 














scr3 | scr2 | scri | scro Transfer clock rate 
4.00 MHz | 4.194 MHz 

0 0 0 1 us 
0 0 1 2 us 1.91 ys 
0 0 0 4 us 3.82 ps 
0 0 1 8 us 7.64 us 
2 2 2 2 2 
1 1 1 32768 us 





@SCI Data Register (SDR; $0012) 
A serial-parallel conversion register that is used for transfer 
of data. 


SCI Status Register (SSR; $0011) 


Ec 
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Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request: bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5=“1”. The bit can also be 
cleared by writing “0” in it. 


Bit 6 (SSR6) 

Bit 6 is the TIMER, interrupt request bit. TIMER, is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing “0” in it. (For 
details, see TIMER; .) 


Bit 5 (SSR5) 
Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is “1”, the SCI interrupt (SSR7) 
is masked. When reset, it is set to “1”, 


Bit 4 (SSR4) 
Bit 4 is the TIMER, interrupt mask bit which can be set 
or cleared by software. When the bit is “1”, the TIMER, 
interrupt (SSR6) is masked. When reset, it is set to “1”. 


Bit 3 (SSR3) 
When “1” is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is “0”. 


Bits 2~0 
Not used. 


SCI interrupt request 


Absent 


Present 


TIMER, interrupt request 
Absent 





Present 


SCI interrupt mask 
Enabled 
Disabled 





TIMER, interrupt mask 


Enabled 
Disabled 





e Data Transmission 
By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C7/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig.9.) When 8 bits of 


data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register. This request can be masked 
by setting bit 5 of the SCI status register. Once the data 
has been sent, the 8th bit data (MSB) stays at the C,/Tx 
terminal. If an external clock source has been selected, the 
transfer rate determined by bits 0 ~ 3 of the SCI control 
register is ignored, and the C,/CK terminal is set as input. 
If the internal clock has been selected, the Cs;/CK terminal is 
set as output and clocks are output at the transfer rate se- 
lected by bits 0 ~ 3 of the SCI control register. 


Serial Clock (Cg /R) 







Previous 
Output Data (C7/Tx) deta 


Input Data Latch 
Timing {(C@/Rx) 


Figure9 SCI Timing Chart 


e Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed for the second and subsequent data receptions. It 
must be taken only after resetting.) 

The data from the C,/Rx terminal is input to the SCI 
data register synchronously with the leading edge of the 
serial clock (see Fig. 9). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 ~ 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the C, /CK terminal. If the internal 
clock has been selected, the C;/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 ~ 
3 of the SCI control register. 


e TIMER2 
The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ 0 of the SCI control register is 
input to bit 6 of the SCI status register and the TIMER? inter- 
rupt request bit is set at each falling edge of the clock. Since 
interrupt requests occur periodically, TIMER2 can be used as 
a reload counter or clock. 


_® @® ©® 
' 
® ‘Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 
@, @ : TIMER? interrupt request 


@®,@® : TIMER2 interrupt request bit cleared 
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TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify “External” (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If “Internal” is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 


#1/O PORTS 

There are 32 input/output terminals (ports A, B, C, G). 
Each I/O terminal can be selected for either input or output 
by the data direction register. More specifically, an I/O port 
will be input if “0” is written in the data direction register, 
and output if “1” is written in the data direction register. 
Port A, B or C reads latched data if it has been programmed 
as output, even with the output level being fluctuated by the 
output load. (See Fig. 10-a.) For port G, in such a case, the 
level of the pin is always read when it is read. (See Fig. 10-b.) 
This implies that, even when “1” is being output, port G may 
read “0” if the load condition causes the output voltage to 
decrease to below 2.0V. 

When reset, the data direction register goes “0” and all 
the input/output terminals are used as input. 
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Figure 10 Input/Output Port Diagram 
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There are 16 output-only terminals (ports E and F). Each 
of them can also read. In this case, latched data is read even 
with the output terminal level being fluctuated by the output 
load (as with ports A, B and C). 

When reset, ‘“‘Low”’ level is output from each output terminal. 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals, output terminals and input 
terminals are TTL compatible and CMOS compatible in re- 
spect of both input and output. 

If 1/O ports or input ports are not used, they should be 
connected to Vsg via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 


@RESET ao 27, 

The MCU can be reset either by external reset input (RES) 

or power-on reset. (See Fig. 11.) On power up, the reset 

input must be held “Low” for at least 20 ms to assure that the 

internal oscillator is stabilized. A sufficient time of delay can 

be obtained by connecting a capacitance to the RES input as 
shown in Fig. 12. 


RES Vin RES 
Terminal 


Internal 
Reset 





Figure 11 


Power On and Reset Timing 









HD6305X0 
MCU 


Figure 12 


Input Reset Delay Circuit 


SINTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 
requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 13. 
Figs. 14 and 15 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 
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2.0~8.0MHzL— 
5] XTAL MCU 
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Figure 13 Internal Oscillator Circuit 
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Figure 14 Parameters of Crystal 
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VK —V AD Crystal 
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[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 


Figure 15 Typical Crystal Arrangement 


@LOW POWER DISSIPATION MODE 
The HD6305X0 has three low power dissipation modes: 
wait, stop and standby. 


e Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The MPU stops but the peripheral 
functions — the timer and the serial communication inter- 
face — stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be done by interrupt (INT, 
TIMER/INT2 or SCI/TIMER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the MPU and accepted, the 
wait mode escapes, then the MPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. If an interrupt other than the INT (i-e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
register, miscellaneous register or serial status register, there 
is no interrupt request to the MPU, so the wait mode cannot 
be released. 

Fig. 16 shows a flowchart for the wait function. 








e Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the MPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
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entering into the stop mode. 

The escape from this mode can be done by an external 
interrupt (INT or INT2), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the MPU and accepted, 
the stop mode escapes, then the MPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode, the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 

Fig. 17 shows a flowchart for the stop function. Fig. 18 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 
For restarting by RES, oscillation starts when the RES goes 
“Q” and the CPU restarts when the RES goes “1”. The dura- 
tion of RES=‘‘0” must exceed tog, to assure stabilized oscil- 
lation. 








e Standby Mode 

The MCU enters into the standby mode when the STBY 
terminal goes “Low”. In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state. The 
stanby mode should escape by bringing STBY “High”. The 
CPU must be restarted by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 19. 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 20. 
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Figure 16 Wait Mode Flowchart 
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Figure 18 Timing Chart of Releasing from Stop Mode 
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Figure 19 Timing Chart of Releasing from Standby Mode 


Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 
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STBY, RES, INT, INT2, 
each interrupt request of 
TIMER, TIMER2, SCI 








STBY, RES, INT, INT2 





STBY="High” 
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Figure 20 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 


@BIT MANIPULATION 

The HD6305X0 MCU can use a single instruction (BSET 
or BCLR) to set or clear one bit of the RAM or an I/O port 
(except the write-only registers such as the data direction 
register). Every bit of memory or I/O within page 0 ($00 ~ 
$FF) can be tested by the BRSET or BRCLR instruction; 
depending on the result of the test, the program can branch to 
required destinations. Since bits in the RAM, or I/O can be 
manipulated, the user may use a bit within the RAM as a flag 
or handle a single I/O bit as an independent I/O terminal. 
Fig. 21 shows an example of bit manipulation and the validity 
of test instructions. In the example, the program is configured 
assuming that bit 0 of port A is connected to a zero cross 
detector circuit and bit 1 of the same port to the trigger of a 
triac. 

The program shown can activate the triac within a time of 
10yus from zeto-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 


BRCLR 0, PORT A, SELF 1 


SELF 1. 
BSET 1,PORTA 
BCLR 1,PORTA 
Figure 21 Example of Bit Manipulation 


® ADDRESSING MODES 
Ten different addressing modes are available to the 
HD6305X0 MCU. 


e Immediate 
See Fig. 22. The immediate addressing mode provides 
access to a constant which does not vary during execution of 


the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code. 


Direct 
See Fig. 23. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th address. All RAM and I/O registers are on page 0 of ad- 
dress space so that the direct addressing mode may be utilized. 


e Extended 
See Fig. 24. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes. 


e Relative 

See Fig. 25. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires a length of 2 bytes. 


e indexed (No Offset) 

See Fig. 26. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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Indexed (8-bit Offset) 

See Fig. 27. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 


e Indexed (16-bit Offset) 

See Fig. 28. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 


e Bit Set/Clear 
See Fig. 29. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 


Memory 


PROG LDA #$F8 O5BE 








Memory 
———— 


CAT FCB 32 0048[ 20 _] 


e Bit Test and Branch 

See Fig. 30. This addressing mode is applied to the BRSET 
and BRCLR ‘instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code, The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The result of the test is written in the carry bit of the 
condition code register. (Set if true, cleared otherwise) 


e Implied 

See Fig. 31. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 


and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 






index Reg 


Stack Point 


Prog Count 


O5CO 





Index Reg 
Stack -_ 
Prog Count 


cc 


(a 


Figure 23. Example of Direct Addressing 
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Index Reg 







Stack Point 


Prog Count 
040C 
Cc 


J 


Figure 24 Example of Extended Addressing 











EA 
Memory 
! ‘ 
i | caer 
Index Reg 
| oR | Stack Pont 
coo Prog L. 
PROG BEQ PROG2 04A7 04C1 

as SR 


Figure 25 Example of Relative Addressing 





Stack Point 


PROG LDAXO5F4f oo F6 
Prog Count 
OSFS 


CC 


| 


Figure 26 Example of Indexed (No Offset) Addressing 
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FCB =86 008A] 86 


PROG LDA TABL.X O75B[_—EG 


o7sc{__69 
fe 
ae 
’ ‘ 
. ‘ 
= 


Figure 27. Example of Index (8-bit Offset) Addressing 


Stack Point 


Prog Count 


cc 


Se 


PROG LDA TABL.X 0692] D6 | Stack Point 


0693 
0694 Prog Count 
cc 
TABL FCB =BF O77E[ _BF__| ae | 


FCB =86 O77F{ _-86_—s 
FCB =0B O780[ DB 
FCB =CF 0781 


Memory 


PORT B EQU 1 0001 


A 
Index Reg 
PROG BCLR 6.PORT 8 OS8F Stack Point 
0580 td 
rog Count 
cc 





ea 


Figure 29 Example of Bit Set/Clear Addressing 
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A 
Index "5 
Stack Point 


Prog Count 





Figure 30 Example of Bit Test and Branch Addressing 





Memory 


PROG TAX O5BA 


meee 


| 


Figure 31 


SINSTRUCTION SET 
There are 62 basic instructions available to the HD6305X0 
MCU. They can be classified into five categories: register/ 
memory, read/modify/write, branch, bit manipulation, and 
control. The details of each instruction are described in 

Tables 5 through 11. 


© Register/Memory Instructions 
Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X0 MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 


© Read/Modify/Write Instructions 
These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


A 


= 
Index Reg 
PES | 
Stack Point 


Prog Count 


cc 


Example of Implied Addressing 


e Branch Instructions 
A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 


¢ Bit Manipulation Instructions 
These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 


e Control Instructions 
The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 


e List of Instructions in Alphabetical Order 
Table 10 lists all the instructions used on the HD6305X0 
MCU in the alphabetical order. 


e Operation Code Map 
Table 11 shows the operation code map for the instructions 
used on the MCU. 
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Operations 





ae ee 


JOP] # | - Jor] # | ~ jor] « | ~ Jor] # | ~ jor] x | ~ jor] « 


Table5 Register/Memory Instructions 


Addressing Modes 
Indexed 





















(8-Bit Offset) | {16-Bit Offset) 





eee 


Extended |(No Offset) 


Boolean/ 
Arithmetic 
Operation 


Indexed 













































Condition 


Code 





Zz 






























































H c 
Load A from Memory LDA |A6| 2 | 2 (86/ 2 | 3 [ce] 3 | 4 |Fe| 1 | 3 [es] 2 | 4 [De] 3 | MA -otels A e 
(ond Xiron Morory | _tox_jaela[afaeta [a ee|e[«]re| +a ]ee] 2 «loe|a[s[wox Tele | -[ale 
Store Ain Memory sta |= [-[- leva fs fers | 4|rr[1s[er[2|+fo7|s[s[asm _fele[alale 
Store X in Memory STX |-|-|-[er|2]3|crl3|4 [rr] 1 | 4 er] 5 | X-—M e | @| A|lAle@ 
hdd Memory to ao [as] 2|2 les] 2{s|cals|*|re/+|s|es[2[alosls|s[arm-a [ale lalala 
Add Memory and Carry 
a sist lho ale|alsieslalla| stall ats losla|e waniteae, 1 ale lalla 
Subtract Memory SUB AO| 2} 2 fro] 1[3[eo|2|4jooj/s|s/a-m-a se | @lalalta 
Subtract Memory from 
A with Borrow sec A2| 2 | 2 /82 Pale lee a le eeu esl tes 3) 5 |A-M-C—A @l;e@lala 
AND Memory to A AND |A4| 2 | 3 [ca] 3 [4 [Fa] 1] 3 [ea] 2] 4 loa) 3/5 ]A-M—aA elala 
OR Memory with A oRA [aa] 2 | 2 3[4 [ral 1] 3 [eal 2] 4 [pal 3] 5 | A+M—a elala 
Exclusive OR Memory 
with A EOR A8/ 2/2 sil ileal alislesle alata D8} 3 | 5 |} A®M-—A @elelrajale 
Arithmetic Compare A as 
with Memory CMP All| 2|2 lela elas D1; 3/5 ]A~-M @le@e;rnjalsa 
Arithmetic Compare X | T 
with Memory CPX A3| 2 | 2 aE 4 |D3)3}5|X-M @ele@e;ralalia 
Bit Test Memory with 
A (Logical Compare) BIT AS| 2/2 Be 4/05}3/5/A-M e a Ale 
Jump Unconditional yup |—|—|—|ac| 2| 2 |ccl 3 pee 3 teeta ta ee 3 jele ejele 
Jump to Subroutine JSR —|—-|--|BO} 2/5 /CD] 3 /FD| 1 | ED DOD] 3 elele ° 
Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 
Table 6 Read/Modify/Write Instructions 
Addressing Modes 
Indexed Indexed Condition 
Operations Mnemonic ; ; ; eee ; Boolean/Arithmetic Operation Code 
Implied(A) | Implied(X) el Offset) 
~ ~ Hy) ETN] Z/C 
Increment INC 2 | 6 | A+1-—A or X4+1-X or M+1-M | @ 1 @/AIAle 
Decrement DEC 2/6 A-tA or XCt-Ker MIM [ele [Al A e 
Clear CLR 2 | 6 | 00—A or 00-—X or 0O—M elelo fe 
Complement COM 2 | 6 | A-A or XX or MM Telelalala 
Negate Tt O0—A-+A or OO-—X—X 
(2's Complement) NEG fe 6 | or OO-M—M @lefalala 








Rotate Left Thru Carry 


Logical Shift Left 


Logical Shift Right 
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2 [57 








Arithmetic Shift Right ASR 
Arithmetic Shift Left ASL 
Test for Negative 

or Zero TST 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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e Bl 
elt [ele] Eemczccuage 


| 6 | Equal to LSL 
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38 78 11 | 





ee is ae is P= i tee BCRBEGICCNSE 


























A-—O0 or X—00 or M—00 
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Table 7 Branch Instructions 





































































































: 
. : ; Condition Code 
Operations Mnemonic Relative Branch Test 

OP) # j = H}1|N] Zz] Cc 
Branch Always BRA 20 2 3 | None e\@ele\ie|e 
Branch Never oe BRN 21 2 3 | None eiel/el\e\e 
Branch IF Higher BHI 22 | 2 | 3 |C+z=0 elelelele 
Branch IF Lower or Same | BLS 23 2 3 | C+Z=1 ejeleliele 
Branch IF Carry Clear BCC 24 | 2 | 3 |C=o elelelele 
(Branch IF Higher or Same) (BHS) [24/2] 3 [c=0 =  —  Jelelelele 
Branch IF Carry Set BCS 25 C=1 __jelelelele 
(Branch IF Lower) 3 |C=1 elelelele 
Branch IF Not Equal BNE 26 | 2 | 3 |z=0 elelelele 
Branch IF Equal BeQ =| 27 | 2 | 3 [2=1 elelelele 
Branch IF Half Carry Clear BHCC 28 2 3 | H=0 @eieli\e/e|e 
Branch IF Half Carry Set BHCS 29 2 3 | H=1 eielieie/e 
Branch IF Plus ~T BPL 2A | 2 | 3 [N=0 ejelelele 
Branch IF Minus BMI 28) 2/3 |N=1 e [ele ele 
Branch IF Interrupt Mask lin Ue ls 
Bit is Clear BMC 2C <i 2 3 | 1=0 {e| e ele ® 
Branch IF Interrupt Mask 
Bit is Set BMS 2D; 2 3 | l=1 @i'e/e\,eie 
Branch IF Interrupt Line | | The ce te 
is Low BIL 2E 2 3 | INT=O e eleie e 

2 as eect) 

Branch IF Interrupt Line 
is High BIH 2F 2 3 | INT=1 @e,e,;e/e;e 
Branch to Subroutine BSR AD | 2°) 5 |—= “Telelele 




















Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Table 8 Bit Manipulation Instructions 





Addressing Modes Boolean/ 


Operations Mnemonic Bit Set/Clear | Bit Test and Branch | Arithmetic Branch Condition Code 


Test 


Oe Te te |r ia | Cometon HILIN | 2 6 
Branch IF Bitnisset_ | BASETAN=O-7), — |—|-| 2@n [3]6| —— |Mn=i_ |lelelelelA 
Branch IF Bit nis clear | BRCLRn(n=O--7)| — |[—|—/01+2-n[ 3/5 | — |Mn=0 [elelele|a 
Set Bit n BSET nin=0---7) | 10+2-n) 2/5 | ~ | -- | 1-Mn — |elelelele 
Clear Bit n BCLR nin=0---7) | 11+2-n| 2] 5 | |—;—|0-Mn | —— [elelelele 


Symbols: Op = Operation 
= Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 






































Addressing Modes ia 
Operations Mnemonic Boolean Operation Condition Code 
por # [—| HIN] ZI ¢ 
Transfer A to X Tax [97,1 [ajax ———~—~S fe fe le le 
Transfer X to A TxA | O9F[ 1 [| 2 [XA elelelele 
Set Carry Bit SEC 99 1 1 |1-¢ @el|ele/e;1 
Clear Carry Bit CLC 98/1 [ 1 [05C jel[elele/o 
Set Interrupt Mask Bit SEI 9B 1 1 | 11 eille/ele 
Clear Interrupt Mask Bit CLI 9A | 1 [ 1 elele 
Software Interrupt SWI 83 1 10 @;ijel;jelse 
Return from Subroutine RTS 81 1 5 @el\e\|e,e/e 
Return from Interrupt RTI 80 1 8 27/27/7421 2 
Reset Stack Pointer RSP 9c [| 1 | 2 | $FF—SP elelelele 
No-Operation NOP 9D 1 1 | Advance Prog. Cntr. Only e;e@ei;e,e\e 
Decimal Adjust A DAA 8D) 1 27 |: 2enwerts Dinaky sdd:or BCD chareters 4nto @le@lalasa* 
Stop STOP 8E 1 4 @ielele|e 
Wait WAIT elelelele 


Symbols: Op = Operation 














* Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.) 


# == Number of bytes 
~ = Number of cycles 



























































Table 10 Instruction Set (in Alphabetical Order) 

Addressing Modes Condition Code 

Bit Bit 

Mnemonic Indexed | indexed | Indexed Set/ Test & 
Implied | Immediate | -Direct |Extended| Relative | (No Offset)| (8-Bit) | (16-Bit) | Clear Branch | H|) 1 |N{]2Z2/C 
ADC x ay ee ee ee ee. x Alelalala 
apo [if x x x eT a TA 
AND x [> nfo 
aT = | de 
ASR x ae Se es a es ee elelalala 
act OC 
BCLR Pe eel x elelelele 
BCS x || elelelele 
BEQ x [| | elelelele 
BHCC x | | eielelele 
Bucs a 
BHI a es elelelele 
(BHS) en ee eae elelelele 
BIL al x | —— elelelele 
BIT x x x x x x @i@elAtA/se 
a ce a a 
BLS eae al ee ofelelele 
amc a CS 
BM a 
BMS ee ee ee ls Hil le Bi 
ANE olelelele 
BRA | x @elele/e|\e 
Condition Code Symbols: (to be continued) 


H Half Carry (From Bit 3) 
I Interrupt Mask 

N Negative (Sign Bit) 

Zz Zero 
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Carry/Borrow 
Test and Set if True, Cleared Otherwise 
Not Affected 
Load CC Register From Stack 





Table 10 Instruction Set (in Alphabetical Order) 
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Addressing Modes Condition Code 
Bit 
Mnemonic Indexed | Indexed | Indexed Test & 
Implied | Immédiate | Direct | Extended} Relative | (No Offset)! (8-Bit) | (16-Bit) Branch | H Z| Cc 
BRN x elelelele 
BRCLR SS A ICC 
BRSET ae eee Gee ieee eee eee 
BSET eer eer ey x e[elelete 
BSR re[ete 
cic x era 0 
cu : SR RE OR 
CLR x x —=e x x ejel/Oji1le 
CMP ee OE ea eS Ea 
a 
COM x x i ass x x elelrvlalt 
CPX x x x x x x @l/@elAlLAIA 
DAA x = 4 @elelralala 
DEC ee a {Tele [alae 
EOR x x x x x x @e;jelAlAle 
“= ea eae ee pe a ee ee fof: ea 
INC x x x x i @\AlA\e 
JMP if x x x x x =! el\e\e/|e;e 
JSR a x | x x ep elelelele 
—-— on woe + -———+ es hore +——- ——~-_+ 
LDA x x x x x x @iei/AliAle 
a ee on eo i eas aul es ors oes | aces eoereaees Le —|— 
LDX x x x x x x ee A|A|®@ 
en as t | ae eras aa 1 ae “rae SS 
LSL x x ies, x x @l/e@elAIAIA 
LSR x x x | x aa ~ felelOlala 
NEG ns x ee efelrliala. 
4 * Sai eee eae fo tt 
NOP te x @elele,;e|e 
: <r t —— 4 — 
ORA x ra x x x x x @le/AlAl\e 
ee ——+—} 
ROL x | x | x x | @,@fAlAIA 
: eT € T a a cory 
ROR x is x x x od alle eas as 
RSP x <a “lelelelele 
Sars Dreier Neeetions Gunes arcana 
RTI x ae ee ee [eseetel| ee 
RTS x : _ [ele @e\e ie 
A as ice eee os sec (eae (Ea 
SBC x x Sie. eee x | x feo ee | Jie @l/@iAITAIA 
SEC x @e\;e;e;e; 1 
= cn a t = ea 5 , rR rr 1 eae 
SEI te oe e tle ee 
STA The x x x x | elelrjale 
are s meen & oi eeenee ee Hi at 
STX x x x x x = a @i@elAjAle 
SUB x x | x x x | x [Lele lalala. 
——_—+— —_—+ —_—_|- —j— —_—— fe — 
SWI x tt elilelele 
TAX x ee ee ee 
TST x x We at x x elel[ralale 
TXA ee a a a ee as ee elelelele 
WAIT x ee a ee es ee es 








Condition Code Symbols: 


H 


I 
N 
Zz 


Half Carry (From Bit 3) 
Interrupt Mask 
Negative (Sign Bit) 
Zero 








Carry Borrow 


Not Affected 





Load CC Register From Stack 


Test and Set if True, Cleared Otherwise 
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Table 11 Operation Code Map 
































Bit Manipulation Branch Read/Modify/Write Register /Memory 
Test & Set/ 
Branch Clear Rel DIR x EXT XO 
Po | + [| 2 Paya ys fey7ysl;ejale{c{ole|F |-wic 
0 | BRSETO | BSETO | BRA NEG — SUB 0 
1 | BRCLRO BCLRO BRN _ RTS’; — CMP 1 
2 BRSET! BSET1 BHI _ - | — SBC 2 
3] BRCLRI BCLR1 BLS COM Swi’; — CPX 3/4 
4| BRSET2 | BSET2 | BCC LSR ei AND 410 
| 5 | BRCLR2 | BCLR2 | BCS — - | - BIT | 5 | 
6 | BRSET3 BSET3 BNE ROR —- | — LDA 6 
7 | BRCLR3 | BCLR3 [| BEQ ASR — |TAX*| — STA 7 
8 | BRSET4 | BSET4 | BHCC LSL/ASL | — | CLC EOR 8 
9 | BRCLR4 BCLR4 — sie — | SEC’ ADC 9 
A| BRSETS | BSETS P= [cu ORA A 
B | BRCLRS BCLRS — | SEI ADD B | 
C] BRSET6 | BSETG SMC ___INC JMP(—1) C 
D | BRCLRE6 BCLR6 BMS {TsTi-1}} TST TST(—1) |DAA*) NOP | BSR* sate Panna JSRi+2]/ D 
E | BRSET7 BSET7 BIL _ stop’) — E 
F | BRCLR7 | BCLR7 BIH CLR WAIT TXA*T — | STX STI F 
3/6 2/6 2/3 | 2/5 1/7 [1/1 | 2/2 3/5 1/3 
(NOTES) 1, “—"'is an undefined operation code. 
2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (*) is as follows: 
RTI 8 TAX 
RTS 5 RSP 2 
Swi 10 TXA 2 
DAA 2 BSR 5 
STOP 4 
WAIT 4 
3. The parenthesized numbers must be added to the cycle count of the particular instruction, 
@ Additional Instructions WAIT Causes the MCU to enter the wait mode. For this mode, 
The following new instructions are used on the HD6305X0: see the topic, Wait Mode. 
DAA Converts the contents of the accumulator into BCD STOP Causes the MCU to enter the stop mode. For this mode, 


code. see the topic, Stop Mode. 


® PACKAGE DIMENSIONS (Unit; mm) 
© DP-64S 


ae 


1.782025 


oO 
0.48:0.10 





i 





O.Btmin 





“ 19.08 es B.lmax 2.64min 
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CMOS MCU (Microcomputer Unit) 


—PRELIMINARY— 


The HD63L05F1 is a CMOS single-chip microcomputer suit- 
able for low-voltage and low-current operation. Having CPU HD63L05 F1 
functions similar to those of the HMCS6800 family, the 
HD63L0SF1 is equipped with a 4k bytes ROM, 96 bytes RAM, . 
I/O, timer, 8 bits A/D, and LCD (6 x 7 segments) drivers, all 
on one chip. 


HARDWARE FEATURES 

3V Power Supply 

8-Bit Architecture 

Built-in 4k Bytes ROM (Mask ROM) 
Built-in 96 Bytes RAM 

20 Parallel !/O Ports 

Built-in 6 x 7 Segments LCD Driver Capability (FP-80) 
Built-in 8-Bit Timer 

Built-in 8-Bit A/D Converter 
Program Halt Function for Low Power Dissipation ® PIN ARRANGEMENT 
Stand-by Input Terminal for Data Holding 





SOFTWARE FEATURES 

@ An Instruction Set Similar to That of The HMCS6800 
Family (Compatible with The HD6805S) 

@® HMCS6800 Family Software Development System Is Appli- 

cable 


HD63L05F 1 





F = : = > 

= co me 

~9 5 oY 9 VY 

mrt 3. =e Hi Boe t 2 o 
- YO 5.2 oggu0 
2808 os8edesg aga 
OrFrHRAZHRFZFNZNZHNHNNNnNN 

(Top View) 
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® BLOCK DIAGRAM 








XIN XOUT 


Segment Driver Output 
AAD AKHAD ADA ADNAN OHAaAG 
MmmmMmMmmMmMmMmeM mime maim mm 
999099 09 9999 SOO 
a 2p. @ > ow se = oe 


TIM Timer/ 


Timer Contro! 


4 LCO8 
















Accumulator 


eee C 
Control Hi 
8 


(CH:) 





i ee 
egister ; ; 
ystem 
rt | iE cH 
A <5 g Condition 6 
As t & E & Code Reg. (CH) 
‘ é ty ae § ccR (CHs) 
: c | ge 
A & Steck 
As Pointer 
at 5 sP . 
Program 
Counter B 
4 “High” PCH “a 
Program Ba 
Counter Bs 





8 “Low” PCL 





Bi 


4kB 96 Byte 
ROM RAM 


Co 


C3 
Cs 


§ 
88 
i 


Bi 
a 
7 
a 
Be 
og 
t. 
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= ABSOLUTE MAXIMUM RATINGS 


Item 
Supply Voltage 
Input Voltage 
Output Voltage 
Operating Temparature 
Storage Temparature 


(NOTE) 















HD63LO5F1 











aT. : 
Vin -0.3 ~ Vee t0.3 V 
Vou -0.3 ~ Vee t0.3 V 
Tos -20 ~ +75 “C 
*c 


Permanent LSI damage may occur if maximum ratings are exceeded. 


Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 


@ ELECTRICAL CHARACTERISTICS (Vcc = 3.0V +0.8V, Vsg = OV, Ta = -20 ~ +75°C, typ means typical value at Voc = 3.0V, 
unless otherwise noted.) 


@® DC CHARACTERISTICS 
Item 


XTAL, XIN 


Input “High” 
Level Voltage 


RES, INT, SB 
NUM (Normal Mode) 
XTAL, XIN 


Input “Low” RES, INT, SB 


Level Voltage 
NUM (Test Mode) 
NUM (Self Check Mode) 
RES (INT: Mask Op- 


Self Check Input 
Voltage 


Input Pull-Up 



















Connect C, = 0.5uF to 
Vou 


Connect C, = 0.5uF to 
Ven 











Current NUM tion) 
Input Leakage ee 
Current TIMER, SB Win | Vin =0V ~ Vee 
During 
eh f = 400kHz 
Crystal perene No load. 
Oscilla- | At Halt lcc1 | Tested after setting 
tion At Standby up the internal status 
At A/D by self check. 
Current Dissipa- Operation 
Hon During 
oye R = 100kQ 
RC Opetation No load. 
Oscilla- AL Halt lcc2 | Tested after setting 
tion At Standby up the internal status 
At A/D by self check. 
Operation 
Output ‘‘Low E Von low * 30HA 


Level Voltage 


* Inthe case that OSC1 is stopped by Halt. 





These values can be changed without notice, because they are provisional. 


@ HITACHI 


Vee-0.3 


0.5Vec +0.9 
Vec -0.2 


Vec-2.1 


Vss 





Vss 
cc-0.2 


fie aia ree tcon lliee 
ona 


-Ip1 Vec =3.0V, Vin =0V Ee 








100 


200 


120 





30” 


220 


max 
Vec 


Vec 
Vec 
Vec 


Vec-1 8 


0.2Vcc 
0.2Vec 


0.5Vec+0.2 


200 


ao 
[=] 


600 


200 


60* 


420 











LA 


uA 


uA 
LA 


UA 
LA 


UA 
LA 


LA 
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@ AC CHARACTERISTICS 







































Operating Clock Frequency | fa | ——S—SSCSCSCSCSC—S OOOO BOO |e 

Cycle Time Us 

Oscillation Frequency - 

(Resistor Option) R = 100k82 1% kHz 

External Clock Duty % 

Oscillation Start Time _ = 

(Crystal Option) Cp = 10pF +20%, Rg = 1kQ max ms 

Oscillation Start Time t R = 100kQ +1%, = 2 = 

(Resistor Option) Osen Connect C_ = 0.5uF to Voy 

Oscillation Start Time (32kHz) tosc1 Cp = 10pF +20%, Rg = 20kQ max - - 1 $ 

Internal Capacitance | EXTAL | |, re Be ee ae 

Daisy Time of Oscillation Delay Salseted by macdcontion 0 a 1 : 

Reset Delay Time External Capacitance = 2.2uF fe 200 | ms 

Pee When OSC1 is not st d by Halt teycet 1 

INT Pulse Width ak se peck clea ie 
When OSC11 is stopped by Halt Us 

TIMER Pulse Width ttwe In the case of counter | teyet 1 | = | _ us 


@ PORT CHARACTERISTICS 


Item 


Output “High” Level Voltage 


Input “High” Level Voltage 
Input “Low” Level Voltage 
Input Leakage Current 
Input Pull-Up Current 
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Port A,B,C 
Output “Low” Level Voltage | Port A, B,C 





CMOS Output, Ioy = -100UA 


[Symbol | ___TestGondition [| min_[ we | mex [uni 


Key Load CMOS Output 











eee) low = -10HA V 

, Vou lo. = 100KA es | 03 | Vv 
PORAB.C| Vm [Si CB | v 
iin! | Vin = 0V~Ves = [= [10a 
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@ LCD DRIVER OUTPUT CHARACTERISTICS (Vcc = 3.0V, Vg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


Vi = 1.00V, V2 = 2.00V 


Item 


Output “High” Level Voltage 


Output “Low” Level Voltage 


Output ‘‘High” Level Voltage 


Output ‘‘Low” Level Voltage 


Dividing Resistor 


Output ‘‘High’”’ Level Voltage 


Output “Low” Level Voltage 


Segment 










Segment 


Common 


Common 





Segment 


Output Level of SEG and COM 


min 


et 
< 
no) 


Von1 


lou = -lyA 









V, = 1.00V, V2 =2.00V 
lot = 1A 













V, = 1.00V, V2 = 2.00V 





Vou2 lon = -5uA 

Von3 

Vout 

V Vi = 1.00V, V2 = 2.00V 
OL2 


lot = 5yuA 


Tested between V, and V2 


In the case of Output Port, ¥ 


In the case of Output Port, 
lot = 30uA 


Vout 
Vout 
VoH2 
VoL2 
VoH3 
Vots3 Vec 







Power Supply Circuit for LCD Display 
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< 


Common Output 


Segment Output 
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@ A/D CONVERTER CHARACTERISTICS *(Vcc = 3.0V, Vsg = OV, Ta = -20°C ~ +75°C, unless otherwise noted.) 


Resolution 


(ck aaaeRaee e 
Absolute Accuracy Vat = 0.2V< Vin <Vay = 2.0V Se = 
"High Sie ea eed 


Conversion Accuracy 





< 


H — Va iaee_[ 


Dv 
< 
mad 8 
al< 
8 |z 
Siz 
° 


Vv 
Vv 
Vv 
Vv 


Input Dynamic Range 








Ladder Resistor (Vay — Vat) Rur | 160 | kQ 
Conversion Time tow [| CS 4 
Programmable Judge Error Var = 0.2V<Vin < Vay = 2.0V | +4 LSB 
Voltage Comparison Judge Time tonap | 60 | US 


* These value can be changed without notice, because they are provisional. 


Ideal A/D Converter Characteristics 


Converter 
Dynamic Range 





Analog tnput Voltage 
(When the input voltage is in the dead zone, 
the result of the conversion is not guaranteed.) 


Dynamic Range of the Comparator 


Output Code 





Ww 


R 
=. ao pat 
x7 JF ier 


Analog Input Voitage 
(Ladder resistor indicates the compared voltage.) 


Example of 3 bit Resolution 


Example of 3 bit Resolution 
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# SIGNALS 
The input and output signals of the MCU are described in 


the following: 


® Voc. Vss 
Power is applied to'the MCU at these two terminals. Voc 
is a positive power input port and Vgg is grounded. 


@ INT 

This terminal is used to envoke an external interruption to 
the MCU. For details, see the information given under the title, 
“Interruptions” (~_ Negative going edge). 


@ XTAL, EXTAL 

These are control input ports to the built-in clock circuit. 
A crystal or resistor is connected to each of them depending 
on the degree of stability of the internal oscillation. For the 
method of using the input terminals, see the information, 
“Internal Oscillator Option”’. 


@ XIN, XOUT 

Connected to these terminals are crystals for the oscillator 
on the time base. A clock operation is possible by using a 
32.768kHz crystal. For details, see “Internal Oscillator Option”. 


@ TIMER 
An external input terminal at which the internal timer is 
counted down. For details, see the information, “Timer”. 


@ RES 
Used to reset the MCU. For details, see ‘“‘Reset”’. 


®@ STANDBY (SB) 
An external input terminal used to stop the MCU and hold 
data. For details, see “Internal Oscillator Option”. 


@ A/D Input Terminals (CH, ~ CH;) 

Input terminals for analog voltages needed for A/D conver- 
sion. These may also be used as level check inputs under pro- 
gram control. For details, see the information, “A/D Conver- 
ter’, 


© Vex. Var 
Reference voltages for A/D conversion are applied to these 
two terminals. For details, see “‘A/D Converter’’. 


® CC,,CC, 
These are not intended for user applications. Open them. 


@ NUM 
This is not intended for user applications. Connect it to Vcc. 


@ Input/Output Terminals (Ag ~ A7,Bo ~ B7, Co ~ C3) 

Each of these 20 terminals consists of two 8 bits ports and 
one 4 bits ports. It may be used as an input or output under 
program contro! of the data direction register. For details, see 
“Input/Output”. 


@ Liquid Crystal Driver Terminals (COM, ~ COM3, SEG, ~ 

SEG,,) 

COM, ~ COMs3 are for driving common electrodes, while 
SEG, ~ SEG,, are for driving segments. SEG, ~ SEG,, can be 
used as outputs by mask-option and SEG,3; ~ SEG;7 can be 
used as analog inputs for A/D converter by mask-option. 


HD63LO5F 1 


e Vi,V2 

These are terminals for LCD driver. V; and V2 are connected 
to Vcc via capacitors (0.1F each). These two terminals can be 
used as output or analog inputs by mask-option when segments 
are used as output ports. 


© VcH 
Output terminal from internal voltage regulator. A capacitor 
(0.5uF) is connected between Voy and Vcc. 


@eE 

System clock output (cycle clock 100kHz typ.) 
This NMOS open-drain output stays at “Low” level when the 
MCU is in halt status, standby or reset. 


= MEMORY 

The MCU memory is configured as shown in Figure 1. During 
the processing of an interrupt, the contents of the MCU resisters 
are pushed onto the stack in the order shown in Figure 2. Since 
the stack pointer decrements during pushes, the low order byte 
(PCL) of the program counter is stacked first; then the high 
order four bits (PCH) are stacked. This ensures that the program 
counter is loaded correctly as the stack pointer increments 
when it pulls data from the stack. A subroutine call will cause 
only the program counter (PCH, PCL) contents to be pushed 
onto the stack. 












PortA 


Timer Data Reg. 
Timer CTRL Reg. 


A/D Data Reg. . 


Not Used 


LCD1 Data Reg.* 


LCD2 Data Reg.* 


LCO4 Data Reg.* 


SYS CTRL Reg. 





1/0 Ports 
Timer 
Alo 


LCD, SYS 
RAM 












Page Zero 
ROM 






(128 Bytes) 















Main ROM 
(3632 Bytes} 

















Self Check 
ROM 


(196 Bytes) 







Interrupt 
Vectors 
ROM 







* Write Only Register 


(12 Bytes) 





SFFF 


Figure 1 MCU Memory Map 
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(Cautions) 

It is not possible to change the contents of the Write Only 
Register (For example, the Data Direction Register of the I/O 
port) of the HD63L05F1 by applying the Read/Modify/Write 
instructions, BSET, or BCLR. 

For preventing the system from wild running, don’t read 
the Not Used area of the memory map. 


7 0 Pull 


* Only the PCH and PCL are stacked 
in the case of a subroutine call. 











Push 


Figure 2 Interruption Stack Sequence 


® REGISTER 
The CPU has five registers that can be operated by the pro- 
grammer. They are shown in Figure 3. 


~ 
°o 


Accumulator 


: 


~N 
Oo 


Index Register 
1 


: 
o 


= 


Cc Program Counter 


| 


11 


5 
fofofojofofify 
PH] tn [zfc] Condition Code Register 


Carry/Borrow 


4 


° 


Stack Pointer 


Zero 

Negative 
Interrupt Mask 
Half Carry 


itr. 


Figure 3 Programming Model 


® Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 


® Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data mani- 
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pulations when using read/modify/write instructions. When not 
required by a code sequence being executed, the index register 
can be used as a temporary storage register. 


® Program Counter (PC) 
The program counter is a 12-bit register that contains the 
address of the next instruction to be executed. 


@ Stack Pointer (SP) 

The stack pointer is a 12-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $07F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The most significant bits of the stack pointer 
are permanently set to 0000011. During a MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be nested 
down to location $061 which allow the programmer to use 
15 levels of subroutine calls. 


© Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 


Half Carry (H) 
Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bit 3 and bit 4. 


Interrupt (1) 

This bit is set to mask the internal interrupts and external 
interrupt (INT). If an interrupt occurs while this bit is set, it is 
latched and will be processed as soon as the interrupt bit is 
reset. 


(Note) 

CLI (clear interrupt mask bit) is used to allow the interrup- 
tion from the instruction after next. SEI (set interrupt mask 
bit) masks the interruption from next instruction. 


Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
of data manipulation was negative (bit 7 in result equal to 
logical one). 


Zero (2) 
Used to indicate that the result of the last arithmetic, logical 
of data manipulation was zero. 


Carry/Borrow (C) 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruction, 
shifts, and rotates. 


® SYSTEM CONTROL REGISTER 

Apart from the registers for program operation explained 
above, there is a register that controls system operation. Its 
configuration is shown in Figure 4. 
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5 SYS CTRL Register 5 

TB TB TB TB LCD 
MASK |SELECT| REseT | PALT DUTY 
(0 1 1 0 0 0 1 


1 =] 
Figure 4 System Control Register Configuration ese 


@ Time Base Instruction Request Flag (TB INT) 

Stores an interruption request from the time base which is 
selected by the TB select bit and is cleared by system reset or 
by program. If the TB MASK bit or I (Interrupt bit in the CCR) 
is set, the interruption request is not acknowledged. Only logical 
“OQ” can be written into this bit by program. 


@ Time Base Instruction Mask (TB MASK) 
If this bit is set, any interrupt request from the time base 
is not acknowledged. 


@ Time Base Select Bit (TB SELECT) 

This bit selects the time base. In logical “1”, an interruption 
from the 1-second cycle time base is acknowledged. In logical 
“Q’’, 1/16 second cycle time base is acknowledged. 


@ Time Base Reset Bit (TB RESET) 

This bit resets the frequency divider behind the 32kHz 
oscillator. When this bit is set, one shot reset pulse is generated 
by the hardware. Then it resets the frequency divider and after 
that, the frequency divider restarts. As this bit has not a register, 
the CPU always reads this bit as logical “0”. 

The frequency divider also provides the system clocks to the 
A/D converter and LCD drivers. So, it is needed to pay an 
attention when “TB RESET” is used. 


® Halt (HALT) 

Used to halt the CPU. When this bit is set, the registers are 
saved onto the stack in the same sequence as interruption 
processing. After all registers have been saved, the CPU halts 
and is wait-for-interrupt state. 

If this bit is reset by an external interruption or an internal 
interruption, the CPU restarts operating. By using the Halt 
function with Time Base Interruption, the CPU can operate 
intermittently itself. 


@ EXT 

When the form of output port is selected by DUTY selecting 
bit, @WRITE can be got every time data is written into LCD 
register in the case that this bit is “1”. @WRITE can be used 
with the designation of pin location as the clock for writing in 
the case of transferring data of LCD register to the outside. 
Normally, EXT is reset. 


@ Duty Select Bit (LCD DUTY) 

The LCD drive signal is based on 1/3 bias — 1/3 duty. How- 
ever, there are switching circuits built in for static drive signal 
and output ports. For details, see the information given in 
“LCD Circuit”. 


(Note) 

The EXT bit and the LCD DUTY bits have to be initiallized 
in 1 milli second from the beginning of the system reset when 
the static drive signal or output port is selected. 
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a TIMER 

The MCU timer circuitry is shown in Figure 5. The 8-bit 
counter is loaded under program control and counts down 
toward zero as soon as the clock input is applied. When the 
timer reaches zero the timer interrupt request bit (bit 7) in 
the timer control register is set. The MCU responds to this 
interrupt by saving the present MCU state in the stack, fetching 
the timer interrupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine. The timer interrupt can be 
masked by setting the timer interrupt mask bit (bit 6) in the 
timer control register. The interrupt bit (I bit) in the condition 
code register will also prevent a timer interrupt from being 
processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal signal 
(¢2 Or $32k). When the internal clock signal is used as the 
source, the clock input is gated by the input applied to the 
timer input terminal; this permits easy measurement of its 
pulse width. There are two types of internal clock signals (¢, 
and ¢32k) to allow timer operation when the CPU is halted. 
($2 is active when OSC1 is not stopped.) These clock signals 
are under program control. Note that the timer operation is 
asynchronous to the CPU when the clock signal is from external 
source or $32k. 

A 7-bit prescaler is provided to extend the timing interval 
up to a maximum of 128 counts before being applied to the 
timer. The number of prescaling counts can be program control- 
led by the lower 3 bits within the timer control register. The 
timer continues to count past zero and its present count can be 
monitored at any time by monitoring the timer data register. 
This allows a program to determine the length of time since 
a timer interrupt has occurred and not disturb the counting 
process. 

At the time or resetting, the prescaler and the counter are 
all initialized to logical “1”. The timer interruption request 
bit is cleared and the timer interruption mask bit is set. The 
timer interrupt request bit (bit 7 of Timer Control Register) 
is set to logical “1” when timer count reaches zero, and is 
cleared by program or by system reset. Only logical “0” can be 
written into this bit by program. The bit 6 of Timer Control 
Register is writable by program. Both of these bits can be read 
by CPU. 


= RESETS 

The MCU can be reset either by initial powerup or by the 
external reset input (RES). All the I/O ports are initialized to 
Input mode (DDRs are cleared) during RESET. 

Upon power up, a minimum of 150 milliseconds is needed 
before allowing the reset input to go “High”. This time allows 
the internal oscillator (OSC1) to stabilize. Connecting a capa- 
citor to the RES input as shown in Figure 8 will provide suf- 
ficient delay. 


= SELF CHECK 

The self check capability of the MCU provides an internal 
check to determine if the port is functional. Connect the MCU 
as shown in Figure 9 and monitor the output of port C bit 3 
for an oscillation of approximately 0.5Hz. This self check 
capability also provides the internal state of the MCU to meas- 
ure the LSI current. After a system reset, the MCU goes into 
each current measurement mode by the combination of the 
control switches. The LSI current can be measured when the 
NUM is returned to Vcc after setting of the current mode. 
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Timer 
Input Terminal 


Timer Output 


(Timer tnterrup- 


1 , 
H ’ Clock Input tion Request) 
i] 


Program Write Read 
Control 


Figure 5 Timer Block Diagram 


TIMER CTRL Register Reset 


TIMER! TIMER| CLK TIME NOT |} PRESCALER 
{ 0 1 1 1 1 1 1 1) 


Interruption —————+ L_______ Indicates Frequency 
Request at ‘'1’’ Bit Count 
Mask at ‘1°’ 


Timer at “1” 
Counter at ‘'‘0” 





2 at 1" (100kHz) 
dak at “O"” (32kHz) 


Figure 6 Timer Control Register Configuration 


Vecw aww ee 
Vcc Terminal 
GND 






Vin 


RES Terminal Vir HD63LO5F1 


MCU 


sie eT Ce eee Figure 8 Input Reset Delay Circuit 


Figure 7 Application of Power and Reset Timing 
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Vec TIMER 


CH 
EXTAL 


XTAL 
XIN 


XOUT 
RES 
HO63L05F1 





112Vec om S. 
@ The connection of OSC1 and OSC2 


depend on their mask option. 

















Selection of Switch 


[s: |s: | ss | se | ss | ss |S | 
LSI Function x 1x | x | 


[x[x[xtxo lo, 
caer [oo fo] x lem] x [oral x 
rsmnaty Lo Lo fo x to=x]xoo jo] x 


X : OFF O:0N >: Change the state 













LSI 
Current 

















Figure 9 Self Check Connections 
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@ INTERNAL OSCILLATOR OPTIONS 

The MCU incorporates two oscillators: oscillator 1 for sys- 
tem clock supply and oscillator 2 for time base, analog to digital 
converter, and LCD drivers. 


@ Oscillator 1 (OSC1; XTAL, EXTAL) 

The internal oscillator circuit can be driven by an external 
crystal or resistor depending on the stability. A manufacturing 
mask option is available to provide better matching between 
the external components and the internal oscillator. The oscil- 
lator 1 can stop when power is applied in either Halt or Standby 
status. Figure 10 shows the connection. A resistor selection 
graph is given in Figure 11. 


Vec 


ni 


Rs=1k2 (C3 





10pF 








EXTAL 


XTAL usr ti 








Crystal Oscillator Mask 
Option 


EXTAL 


HD63LO5F1 
XTAL MCU 


Ext. Clock 
tnput 





Ext. Clock 


Crystal Option 


® Oscillator 2 (OSC2; XIN, XOUT) © 

Clocks for time base, LCD drivers, an analog-to-digital con- 
verter, and a timer can be supplied by the OSC2 (32.768kHz 
crystal) or by the OSC1 through the frequency divider. In Halt 
Status, oscillator 2 operates and permits the operation of the 
peripheral modules with low power consumption. In Standby 
status, only OSC2 keeps on running. Figure 12 shows the con- 
nection and the relation between oscillator 1 and oscillator 2 is 
shown Figure 13 and Table 1. 


(Note) 

When OSC2 is not available or OSC1 is the crystal option, 
OSC1 is not allowed to stop at Halt. The accuracy of the time 
base is kept when OSC2 is 32.768kHz crystal oscillator. 


EXTAL 


100k2 bic nha 





RC Oscillator 






Ext. Clock HD63L05F1 


Input 


Ext. Clock 


Resistor Option 


Figure 10 Mask Option for Oscillator 1 


Frequency (kHz) 


18] 100 200 
Resistance (kQ) 





300 400 500 600 


Figure 11. Typical Resistor Selection Graph 
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Rs = 20k2 (4 
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CU 
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Veeao. 


Crystal Oscillator 






XOUT 


HD63L05F1 
XIN c MCU 






Vec O 


Not Used 


Figure 12 Connection of Oscillator 2 





HALT 
STANDBY 
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CPU Clock 






Freq. 
Divider 


Time base 
Interrupt 


Figure 13 Relation between Oscillator 1 and Oscillator 2 


Table 1 Oscillator 2 Mask-option and System Operation 


When OSC1 is Crystal 


OSC2 
Available 


osc | CPU [Peripheral OSC1 | CPU Peripheral OSC1 | CPU Peripheral OSC1 | CPU Peripheral 


Mask Option OSC2 


Not Available 


During System 
Operation 


At Halt 
At Standby 





(NOTE) ©..... run > eee stop 


= STANDBY 

When the STANDBY (SB) terminal becomes “High” level, 
the MCU goes into standby mode at its instruction fetch cycle. 
On standby mode, only 32 kHz oscillator (OSC2) keeps on 
running while the others are stopped with holding the current 
data except A/D converter, timer, and time base. Restarting 
of the MCU from standby mode is controlled by the Delay Time 
which is available by counting the 32 kHz clock in frequency 
divider after the STANDBY terminal turned to “Low” level. 
Therefore, the CPU restarts operation after the Delay Time 
(0 sec, 1/16 sec, 1/2 sec, or 1 sec). 


(Note) 

STANDBY terminal has to be kept at “Low” when resetting 
the MCU. This terminal has to be kept at ““Low” during the 
Delay Time. Starting of the MCU by RESET is also controlled 
by the Delay Time. 


® INTERRUPTS 

There are six different interruptions to the MCU: external 
interruption via external interrupt terminal (INT), internal 
timer interruption, interruption by termination of A/D conver- 
sion, time base interruption (2 types), and software interruption 


When OSC1 is RC 


OSC2 
Available 


OSC2 
Not Available 





x}O} O 


by an instruction (SWI). 

When any interrupt occurs, processing is suspended, the pre- 
sent MCU state is pushed onto the stack, the interrupt bit (1) in 
the condition code register is set, the address of the interrupt 
routine is obtained from the appropriate interrupt vector 
address, and the interrupt routine is executed. The interrupt 
service routines normally end with a return from interrupt 
instruction (RTI) which allows the MCU to resume processing 
of the program prior to the interrupt. Table 2 provides a listing 
of the interrupts, their priority, and the vector address that 
contains the starting address of the appropriate interrupt 
routine. 

Figure 14 shows the system operation flow, in which the 
portion surrounded with dot-dash lined contains interruption 
execution sequence. 


(Note) 

A clear interrupt bit instruction (CLI) allows to suspend the 
processing of the program by an interruption after execution 
of the next instruction while a set interrupt bit instruction 
(SEI) inhibits any interrupts before execution of the next 
instruction. When a mask bit of a control register is cleared by 
an instruction, interruption is allowed before execution of the 
next instruction. 
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Table 2 Interruption Priority 














Interruption 
RES 


INT 
TIMER 





TIME BASE 


| RESET _| 


HARDWARE 
RESET 












VECTOR 
LOAD 


| NORMAL | 





CPU CLOCK 
ON 


VECTOR 
LOAD 



















Vector Address 
$FFE, $FFF 
$FFC, $FFD 
$FFA, $FFB 
$FF8, $FF9 
$FF6, $FF7 
$FF4, $FF5 

















REGISTER 
Save 


VECTOR 
LOAD 












CONTINUE 


Standby 
Operation 
Sequence 


Figure 14 System Operation Flowchart 


® Acknowledging an INT in HALT Status 

In HALT status, the CPU is not operating but the peripherals 
are operating. When an interruption is acknowledged, the CPU 
is activated and executes interruption service matching the 
interruption condition by means of vectoring. 


® Acknowledging an INT in Standby Status 

In Standby status, the system is not operating with power 
supplied to it, therefore, any interruption request (including 
RES) is not acknowledged. 
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® INPUT/OUTPUT the output level changes due to the output load. 
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There are 20 input/output terminals, which are program If a port is to be used as an input terminal, the user must 
controlled by data direction registers for use as either input or specify whether or not it will be equipped with a pull-up PMOS. 


output. If an I/O port has been programmed as an output and Figure 15 shows the port I/O circuit. 
is read, then the latched logical level data is read even though 














Data 
Direction 
Register Bit 


Output 
Data Bit 







Reg Bit 












Data 
Direction 
Register 


Bit of Out- 
put Data 





Output Input to 
State MCU 
0 
1 


Figure 15 Port I/O Circuit 








®@ Configuration of Port is involved with the input if both “High” and “Low” levels 
Figure 16 shows the configuration of I/O ports. As the are applied. For only one level, the user must specify the use 


output is on/off controlled by a data direction register, an I/O of a pull-up PMOS for ‘“‘Open/Low’” input application. 
port may directly be applied as an input terminal. No problem 


Pull-up PMOS not available Pull-up PMOS available 


Vee 


c Vee 


Vss 





Vss 


Figure 16 Selection of Input Configuration for I/O Port 
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= A/D CONVERTER 

The MCU incorporates an 8 bits A/D converter based on the 
resistor ladder system. Figure 17 shows its block diagram. 

The “High” side of reference voltage is applied to Vpy, 
while the “Low” side of reference voltage is applied to Vry. 
The reference voltage is divided by resistors into voltages match- 
ing each bit, which is compared with analog input voltage for 
A/D conversion. As the analog input voltage is applied to the 
MOS gate of the comparator through the analog multiplexer, 
this voltage comparison system achieves high input impedance. 

The A/D DATA Register stores the results of an A/D conver- 
sion or can be set 8 bit data for programmed comparator. 
These functions are controlled by software-controlled A/D 
CTRL Register. The result of A/D conversion is not assured 
if the conversion is interrupted by STANDBY. Whenever CNV = 
“1” or bit 4 = “1”, the comparator draws A/D current even 
on standby mode. Figure 18 shows the configuration of the 
A/D control register. 


@ A/D INT 
The A/D INT bit is set to logical “1” after completion of 





A/D conversion and is cleared by program or by system reset. 
Only logical “0” can be written into this bit by program. 


@ A/D MASK 
If this bit is set, interrupt from the A/D converter is not 
acknowledged. This bit can be written by program. 


® CNV 

To start A/D conversion, set this bit to logical “1”. During 
conversion, data of this bit stays at “1”. The bit is automatically 
reset to “0”? when the A/D conversion ends. In A/D conversion, 
supply voltage is applied to the comparator only when CNV = 
“1”, The digital data which is obtained by the A/D conversion 
is held in the A/D data register. This data is reset when the CNV 
is set to “1” again. 


@ Auto/Program 

Used to select either auto-run 8 bits A/D conversion or 
8 bit programmed comparator operation (Auto 8 bits A/D 
conversion at “‘0”’). 
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Figure 17 8 Bits A/D Converter Block Diagram 


7 0 
A/D | A/D _Auto_| ComP A/D CTRL 
(0 1 0 0 1 o 860 


0 )——Reset 


Figure 18 A/D Control Register Configuration 
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@ COMP OUT 

The result of comparator operation under program control 
can be read from this bit (Logical “1”? means that input voltage 
is higher than programmed reference voltage). 


@ MPX 
Used to select 8-channel analog inputs. The multiplexer is 
an analog switch based on CMOS. Note that the analog inputs 
from CH, to CHg are mask option while CH, is exclusive. 
When 1/3 bias — 1/3 duty or static LCD is used, CH, and 
CHg are not available because these two terminals are used for 
LCD power supply as V, and V2. 


# LCD CIRCUIT 

The system configuration of the LCD circuits is shown in 
Figure 19. Segment data for display are stored in data registers 
LCD1 to LCD8. Since the circuits are connected to the output 
terminals via pin location block, the user may specify a combi- 
nation of data to be multiplexed to the segment output termi- 
nals. 

The bit data of the LCD register is combined with the timing 
clock (¢; , 62 or $3) and three combined bit data are gathered to 
make a segment output data for 1/3 bias — 1/3 duty driving in 
the pin location block. In case of static LCD drive of output 
port, timing is always fixed at ¢, (always “High”) and one bit 


Pin Location 
Block 
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data of the LCD register is transferred for an output terminal. 

Note that the output terminals from SEG,3 to SEG, are 
mask option while the others (SEG, to SEG,2) are always avail- 
able when the Duty bits are “O1” or “11”. 

When the form of output port is selected by Duty bit (“00”), 
@WRITE can be got every time data is written into LCD1 
register in the case that EXT bit is “1”. As LCD1 register has 
8 bits latches, it is easy to transfer the internal 8 bits data to 
external devices via output ports, with automatically generated 
write clock ¢WRITE. The cycle clock pulse can be also available 
as an internal data source for the output terminal when output 
port is selected as 1/4 XTAL. 

Assignment of segment terminals to the bits of the LCD 
data register, including the case where they are used as output 
terminals, is to be specified by the user when he orders masks. 
In case of static LCD or output ports, only LCD1, LCD2, and 
LCD3 are allowed to be used. These registers are initialized at 
“OQ” by system resetting. 


® LIQUID CRYSTAL DRIVER WAVEFORMS 

The LCD circuit is based on 1/3 bias — 1/3 duty driving. 
Figure 20 shows the common electrode output signal waveforms 
(COM:, COM,, COM3), segment signal waveforms (SEG, to 
SEG,;7) and LCD bias waveforms (between COM and SEG- 
MENT). 


SEG, 
SEG, 
SEGs 
SEG, 
SEG; 


SEGs SEG. ~ SEG, 
SEG, Mask Option 

SEG, 
SEG, 
SEGio 
SEGu 
SEGia 
SEGis 















SEGis System 
SEGis Cont. 4 oe 
SEGig Duty 


SEGi, 


00 | eurruT PORT 
or | staricuco 
sol 


1/3 Bias 
1/3 Duty LCD 





COM: 
COM, 
COM; 


Figure 19 LCD Circuit System Configuration 
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1/3 Bias 1/3 Duty 


113Vec- 


OUTPUT PORT 
Veco Output levels 
| ae | “O" matching Data in 
GNO Register 





COMMON 1 


COMMON 2 


COMMON 3 


SEGMENT 


(1,2,3) 


COM, ~SEGMENT 


COM; -SEGMENT 


COM; -SEGMENT 


Figure 20 LCD Driving Waveforms 


® BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. 


(Note) 

It is needed to pay attention to the system control register, 
the timer control register, and A/D control register when 
BSET, BCLR, or Read/Modify/Write instructions are applied 
to them. If own interrupt request occured onto the interrupt 
request bit (bit 7) of the control register between read cycle and 
write cycle of these instructions, the bit 7 might be cleared in 
the write cycle and not acknowledged by CPU. 


= ADDRESSING MODE 

There are 10 addressing modes available to the MCU for 
programming. Familiarize yourself with these modes by reading 
the information and referring to the diagrams that follow. 


@ Immediate 
See Figure 21. In immediate addressing mode, constants 
that will not change during execution of a program are accessed. 


The instruction used for that purpose has a length of 2 bytes. 
The effective address (EA) is PC. The operand is fetched from 
the byte that follows the OP code. 


@ Direct 

See Figure 22. In direct addressing mode, the address of the 
operand is contained in the second byte of the instruction. 
The user can gain direct access to the LSB 256 of memory. All 
RAM bytes, I/O registers, and 128 bytes of ROM are located 
on page 0 in order to utilize this useful addressing mode. 


@ Extended 

See Figure 23. The extended addressing mode is used for 
referencing to all addresses of memory. The EA consists of 
the contents of the two bytes that follow the OP code. The 
instruction used for extended addressing has a length of 3 
bytes. 


@ Relative 

See Figure 24. Only Branch instructions are used in relative 
addressing mode. When a branching takes place, the contents 
of the byte next to the OP code are added to the program 
counter. EA = (PC) + 2 + Rel., where Rel. indicates signed 8 bits 
data at the address following the OP code. When no branching 
takes place, Rel. = 0. When a branching occurs, the program 
jumps to any byte of +129 to -127 of the current instruction. 
The length of the Branch instruction is 2 bytes. 
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@ Indexed (without Offset) 

See Figure 25. In this addressing mode, the lower 256 bytes 
of memory are accessed. The length of the instruction used 
for this mode is one byte. The EA consists of the contents of 
the index register. 


® Indexed (8 Bits Offset) 

See Figure 26. The EA consists of the contents of the byte 
following the OP code, and the contents of the index register. 
In this mode, the lower addresses of memory up to 511 can be 
accessed. Two bytes are required for the instruction. 


® Indexed (16 Bits Offset) 

See Figure 27. The EA consists of the contents of the two 
bytes following the OP code, and the contents of the index 
register. In this mode, the whole of the memory can be access- 
ed. The instruction using this addressing mode has a length of 
3 bytes. 


® Bit Set/Clear 

See Figure 28. This addressing mode can be applied to any 
instruction that permits any bit on page 0 to be set or cleared. 
The byte following the OP code indicates an address within 


PROG LDA # $F8 OSBE 
OSBF 






= 


j 
‘ 
‘ 
4 


ee | 
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@ Bit Test, Branch 

See Figure 29. This addressing mode can be applied to in- 
structions that test bits at the first 256 addresses ($00 to $FF) 
and are branched by relative qualification. The byte to be tested 
is addressed by the contents of the address next to the OP code. 
The individual bits of the byte to be tested are designated by 
the lower 3 bits of the OP code. The third byte indicates a 
relative value that is to be added to the program counter when 
a branch condition is satisfied. The instruction has a length 
of 3 bytes. The value of the bit that has been tested is written 
at the carry bit of the condition code register. 


@ implied 

See Figure 30. There is no EA for this mode. All information 
needed for execution of instructions is contained in the OP 
code. Operations that are carried out directly on the accumula- 
tor and index register are included in the implied addressing 
mode. In addition, the SWI and RTI instructions are also in- 
cluded in the group of this operation. The instruction using 
this addressing has a length of one byte. 






“e Hi . 


Stack Point 





Prog Count 


O05CO 


cc 


ae 


Figure 21 Example of immediate Addressing 
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CAT FCB 32 0048 








Index Reg. 


fe 


Stack Point 


aaa EE 


Prog Count 


cc 


: : — 


| 


Figure 22 Example of Direct Addressing 


Memory 


PROG LDA CAT 0409 
Index Reg 
oo SEC 
‘ ' 
‘ Prog Count 
CAT FCB 64 OGE5 040C 
cc 


Peel 


Figure 23 Example of Extended Addressing 
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EA 
! i 
: Adder 


I 





A 
Index Reg 
| oor | Stack Point 
0000 
Prog Count 
04C1 
cc 


Figure 24 Example of Relative Addressing 


TABL FCC/LI/ 00B8 





§ : Stack Point 


PROG LDA X O5F4 


O5F5 


cc 


) eee 


| 


Figure 25 Example of Indexed (without Offset) Addressing 
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TABL FCB # BF 0089 
FCB #86 008A 
FCB # DB 0088 
FCB # CF 008C 





Index Reg 







Stack Point 


Prog Count 


075E 


cc 


Cd 


Figure 26 Example of Indexed (8 Bits Offset) Addressing 







Memory 


Index Reg 







PROG LDA TABL.X 0692 Stack Point 
oees aes eee 
0694 Prog Count 
cc 


aa 


-TABL FCB # BF O77E 
FCB #86 O77F 
FCB # DB 0780 
FCB #CF 0781 


Figure 27 Example of Indexed (16 Bits Offset) Addressing 
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Memory 


PORT B EQU 1 0001 


Index Reg 





PROG BCLR 6. PORT B ossF{ = 1D 


Stack Point 


pa ee 


Prog Count 


cc 


== 


‘ 
| a | 


Figure 28 Example of Bit Set/Clear Addressing 


EA 
Memory 0002 


0000 


PORT C EQU 2 0002 A 


index Reg 


vn@ 
= 


Stack Point 


PROG BRCLR 2. PORT C.PROG 2 0574 
0575 
0576 


Prog Count 


0000 pa ees he ced 
cc 


nN 
i 





Figure 29 Example of Bit Test and Branch Addressing 
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Memory 


li 


PROG TAX O5BA 97 


| 


A 


index Reg 


Stack Point 


Prog Count 


O5BB 


cc 


aa 


Figure 30 Example of Implied Addressing 


® INSTRUCTION SET 

There are 59 instructions available to the MCU. They can 
be divided into five groups: Register/Memory, Read/Modify/ 
Write, Branch, Bit Processing, and Control. All of these instruc- 
tions are explained below according to the groups, and are 
summarized in individual tables. 


© Register/Memory 

Most of these instructions use two operands. One operand 
is either the accumulator or index register, while the other is 
acquired from memory using one of the addressing modes. 
No operand of register is available in the unconditional Jump 
(JMP) and Subroutine Jump (JSR) instructions. See Table 3. 


@ Read/Modify/Write 

These instructions read a memory address or register, modify 
or test its contents, and writes a new value into the memory or 
register. Negative or Zero instructions (TST) do not provide 
writing, and are exceptions for the Read/Modify/Write. See 
Table 4. 


@ Branch 

A Branch instruction will branch from the program sequence 
in progress if the specific branch condition is satisfied. See 
Table 5. 


@ Bit Processing 

This instruction can be used for any bit of the first 256 
bytes of memory. One group is used for setting or clearing, 
while the other is used for bit testing and branching. See Table 6. 


@ Control 
The Control instruction controls the operation of the MCU 
for which a program is being executed. See Table 7. 


® A List of Instructions Arranged in Alphabetical Order 
All instructions are listed in Table 8 in the alphabetical 
order. 


@ OP Code Map 
Table 9 shows an OP code map of the instructions used 
with the MCU. 
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Table 3 Register/Memory !nstructions 


Addressing Mode 
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- ‘ Indexed Indexed Indexed 
ntiee diate Direc Extended (No Offset) (8-Bit Offset) (16-Bit Offset) 
cr se — 
Operation Mnemonic Op # # Op i # | # | Op # # Op # # 
Code | Bytes |Cycles Code | Bytes |Cycles| Code | Bytes |Cycles| Code | Bytes |Cycles 
Load A from Memory LDA 2 3 
Load X from Memory LDX 4 FE 1 2 EE t 2 4 DE 3 5 
Store A in Memory STA - 5 F7 1 3 E7 2 5 D7 3 6 
= 
Store X in Memory STX - - - BF 5 FF 1 3 EF 2 5 DF 3 6 
7 

Add Memory to A ADD AB | 2 | 2 [ss 4 |re| 1/2 ie8| 2/4 {oe/ 3 | 5 
Add M d at i. =a | 

emoryien ADC Ag | 2 2 | Bg 4 | Fo | 1 2 | €9 | 2 4 | p9 | 3 5 
Carry toA | 

pee panes B 
Subtract Memory SUB AO 2 2 BO 4 FO 1 2 EO 2 4 DO 3 5 
— 
Subtract Memory from 
A with Borrow SBC A2 2 2 B2 4 F2 1 2 E2 2 a D2 { 3 5 
AND Memory to A [ AND A4 F4 4 2 E4 2 4 D4 3 5 
7 | ERE re, 

OR Memory with A ORA AA BA FA 1 2 EA 2 4 DA 5 
Exclusive OR M r “| 
ani emOry. EOR AB | 2 2 | B8 4 | Fa] 1 2 | EB |} 2 4 | ps] 3 5 
Arithmetic Compare A i | 
with Memory CMP Al 2 2 B1 4 Fi 1 2 €1 2 4 D1 3 5 
Arithmetic Compare X ak 7 fim 
with Memory CPX A3 il 2 2 B3 4 F3 1 2 E3 2 4 D3 3 5 
Bit Test Memory with 
A (Logical Compare) L BIT AS 2 4 F5 1 2 E5 2 4 | D5 3 5 
Jump Unconditional JMP 
Jump to Subroutine 





Symbols: Op = Operation 











# = Instruction 





eS oe 








Table 4 Read/Modify/Write Instructions 


Addressing Mode 

















































































































































, ; , Indexed Indexed 
Implied (A) Implied (X) Direct P 
(No Offset) (8-Bit Offset) 
: : Op # # # # # # # 
Operation Mnemonic Code | Bytes Bytes | Cycles Bytes | Cycles Cycles 
Increment INC 1 3c 
4+—_ mI os eee 
Decrement DEC 4A 1 1 L 5A 1 1 3A 2 4 7A 1 3 6A | 2 5 
Clear CLR 4F 1 1 SF 1 1 3F 2 4 | 7F 1 i 6F 2 5 
Complement COM 43/1 1 | 63 [ 1 1 33. | 2 4 73 1 | 3 | 63 2 5 
Negate 7 Ira : if 
ei 
(2s Complement} NEG 40 1 1 50 1 1 30 2 4 70 1 3 60 2 5 
= + Seen ane ee +. a 
Rotate Left Thru Carry ROL 49 1 1 iii 59 1 1 39 2 4 79 1 3 69 2 5 
3 + aol 7 aS | kay = i 
Rotate Right Thru Carry ROR ot 46 1 1 [ 56 1 1 36 2 4 76 1 3 66 2 Ls} 
Logical Shift Left LSL 48 1 i 1 58 1 1 38 2 | 4 78 i] 3 68 2 5 
7 —— <= 
Logical Shift Right LSR 44 1 1 i 54 1 1 34 2 4 | 74 1 3 64 2 5 
al —— | meen 
Arithmetic Shift Right ASR 47 1 1 57 [ 1 1 37 2 4 77 1 a 67 2 
cae eee et eee eee J: = Stech 
Arithmetic Shift Left ASL 48 1 1 58 | 1 | 1 | 38 | 2 4 78 | 1 3 68 2 L 5 
; + +~ ~ + + a —— 
i etal TST 4D 1 1 5D 1 1 3D 2 4 7D 1 3 6D 2 5 


Symbols: Op = Operation 


# = Inst 


ruction 
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Operation 


Branch Always 

Branch Never 

Branch IF Higher 

Branch IF Lower or Same 

Branch IF Carry Clear 

(Branch IF Higher or Same) 

Branch IF Carry Set 

(Branch 1F Lower) 

Branch IF Not Equal 

Branch IF Equal 

Branch IF Half Carry Clear 

Branch IF Half Carry Set 

Branch IF Plus 

Branch IF Minus 

Branch IF Interrupt Mask Bit is Clear 
Branch IF Interrupt Mask Bit is Set 
Branch IF Interrupt Line is Low 
Branch IF Interrupt Line is High 
Branch to Subroutine 


Symbol: Op = Operation 





Table 5 Branch Instructions 


Relative Addressing Mode 


Code Bytes 


R 


o 
> 
i) 


BHI 


ies] 
- 
n 


Oo 
n” 


es] 


C 


i?) 


C 
(BLO) 


ie] 


~N 


BHCC 
BHCS 


vu 
rc 
> 


BMC 


i?) 


oO 
Lod 


Oo 


= Instruction 


« If branched, each instruction will be a 3-cycle instruction. 


Operations 


Branch IF Bit n is Set 
Branch IF Bit n is Clear 
Set Bitn 

Clear Bit n 


Symbol: Op = Operation #= Instruction 


Table 6 Bit Processing Instructions 


Addressing Mode 


Bit Ty 


« tf Branched, each instruction will be a 5-cycle instruction. 
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Cycles 


2or3* 
2o0r3* 
2or3* 
2o0r3* 
2o0r3* 
2or3* 
2or3* 
2or3”* 
2or3* 
2or3* 
2or3* 
2or3* 
2or3* 
2or3* 
2or3* 
2or3* 
2or3* 


Bit Test ne Branch 


Op Op 
a con ene ae aa ps 


4or5* 
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Table 7 Control Instructions 


ree 


Op 


Transfer A to X | TAX | 97. | 1 | 1 
Transfer X toA | TXA | OF | 1 | 
Set Carry Bit | SEC | 99 | 1 | 
Clear Carry Bit CLC | 98 | 1 | 
Set Interrupt Mask Bit | ser | op | 1 | 
Clear Interrupt Mask Bit SCL 2 BAe teil 
Software Interrupt / swi | 83 | 1 | 
Return from Subroutine RTS | a1 | 1 | 
Return from Interrupt } RT | go | 1 | 
Reset Stack Pointer | Asp | gc | 1 | 
No-Operation | NOP | 9D | 1 | 


Symbol: Op = Operation #* Instruction 


=f; i~43/ Rn |O}] =] =] 3] a} = 


Table 8 Instruction Set 


Addressing Modes Condition Code 
' a Bit 
Mnemonic Imme- Ex: Re- peas eee 
nt [me to ofan [OR i Branch fue fe 
ADC PATOL ALAIA 


ADD See eae ee A 
ANDO | x | xe Te Te ee Te feo TA Ale 
PR ee ee ie ee ee eA AA 
SR Sn ee Ve eee li TAL AIA 
yee aa EA SR EAR I eal ee ese Sees eee ee CD IC 
pcr | Oo ] Te fe fo fo fe Jo 
Cie a] a e Pe ( Ga a e ee eee 
el ee ee ae a ee es a ee ee 
a ae a eS (ST Ga Cael eee) a ee CE 
15%: ial a ARG [PRN VRE) ene (ee Ee a 
BA es Pale sl see ou Oe ee ese 
Tae a ae a SC ae a Ce Pe ee ee CS 
[ae aa a ea IRENE AA ET a 
Tea ee: AER RN |e (ae (Re ee: in ee Ee 
=e ES FEAR a (eee EE 
ce ae ee, Cane eae (eae ea) eee Ree Goel Eee 
ae a a Sy a a a ee ee EE 
TTS RS eae Saeed ieee Cee aa 
TE ae SS Pn (een D9) (ae ee (ee ee es a 
aa ee a eT A ee se ee ee i ae 
a aa TE a ae ee ae ee ee a a 
ana eae ae Lt pee oer pe ee ees Deer Greer Ca 
1 aaa a es AE ey PR sae ee a ee er ed EE 








Symbols for condition code: (Continued) 
H Half Carry (From Bit 3) C  Carry/Borrow 
| Interrupt Mask A | Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
2 Zero 
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Table 8 Instruction Set (Continued) 


Addressing Modes Condition Code 


Mnemonic nies ies: Re- eis Indexed | Indexed a se H 
diate eee lative er | te aaa (16 Bits) 4 Bane 


BRN 


BRCLR 
BRSET 


BSET 
BSR 
CLC 
CLI 
CLR 
CMP 
COM 
cPx 
DEC 
EOR 
INC 
JMP 
JSR 
LDA 
LDX 
LSL 
LSR 
NEG 
NOP 
ORA 
ROL 
ROR 
RSP 
RTI 
RTS 
SBC 
SEC 
SEI 
STA 
STX 
SUB 
Swi 
TAX 
TST 
TXA 


Symbols for condition code: 
H_ Half Carry (From Bit 3) Cc 
| Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e 
? 


z 


Zero 


oe ee ee A 
Se eee ae ee ee a es ee ee 
PT fe Tole le fo 


SOE eae Pl ae eee es eee CEE 
irene ina ea ae Fe fe ee 
ae ee Ba ee ee 
ae ee ee a Ee ee ae Cs 
[ae a A Se Sea ae ee eee ee ee 
Seas a ee ee ee ee ae ra 
ee a a Ee a ee ee a CE 
ae) aa a ae ae ee ee ee ee ea 
CE a a a a es ee 
En ie Rs a ee Ee 8 Ae 
a ee ee ee Als 


| i en omen ee (Re ee 
Sa RE FE a ea ee 
fate jt sf te fe A 
el ae A ee ee ee a eee CREE 
[i Saas aes a (Pe a ie a ee ee eee RE 
a a ee Te Dee Di Ec 
aa a a ee ee a ee ee 


Carry/Borrow 


Not Affected 
Load CC Register From Stack 
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Table 9 OP Code Map 


Bit Manipulation {Branch Read/Modify /Write Control 
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Register /Memory 
0 RTI* | - SUB 0 
1 ee eee Se CMP 1 
2iersemt [psers [oH | CC  t—“<«i‘iEC-:CS KC SBC 2 
3 BLS com pS | S CPX 34 
4 | BRSET2 AND 40 
6 | BRCLR2 | BCLR2 eines SE! BIT 5 W 
@ [ensers [eseTs [ene [noe LDA 6 
7 [BRCLR3 iseues [se0-| ae TAX | - STA (+1) 7 
8 | BRSET4 | BSET4 | BHCC LSL/ASL CLC EOR 8 
9 BCLA4 | BHCS ROL SEC ADC 9 
AleRSeTs |BsETS |BPL | =—s—<‘<—‘—~é CO™~;~‘i—SOCYTSO SCS ORA A 
B | BRCLRS | BCLRE | BMI a [= Tser ADD B 
C(BRSET6 |BSET6 | BMC | INC _-__| RSP JMP(—1) c 
b | BRCLR6E ems | _ TST - [Nop oa D 
& |BRSET7 | BSET7 | BI E 
F ToT F 
3/4 or 6 Ce TNT ee v2] 
(NOTES) 1. ‘~'' is an undefined operation code. 
2, The figure in the lowest row of each column gives the number of bytes and the cycles needed for the instruction. 
The humpe’ Of cyoine for Seca (*) mnemonics is a follows: 
RTS 4 
swl 9 
BSR 4 
3. The parenthesized figure must be edded to the cycle count of the associated instruction. 
4. If the instruction Is branched, the cycle count Is the larger figure. 
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Mask Option List 
Date of Order 


Customer 
Dept. 
Select one from each item and check © Accepted by 


ROM Code ID. 
LSI Type No. 





(1) Mask Option 


a 
Box [S 
Selection of Oscillator 1 
a 
=e al a 
Selection of Oscillator With 32.768 kHz Crystal 
| O No | 1/3 of cycle clock is provided 

















No Delay time 
1/16 seconds 
1/2 seconds 















Delay time of OSC1 
























1 seconds 


Configuration of SEG, ~ SEG 





1/3 Bias 


a 


(2) 1/0 Option 


PIN 1/0 . Remarks Pin VO Remarks 
A B Cc D E F H J K 
SA nl 
7 a 
ma [wl | | | se6, 
A 
| 


Aa /0 







Qo 


































SEG, 
SEG ,3/CH, 
SEG ,4/CHs 
SEG 15/CHa 
SEGi6/CH3 |_| 






















































































(NOTE) : CMOS Output without Input pull-up PMOS CH, and CHsg are available only when output port is selected. 
: CMOS Output with Input pull-up PMOS 

: CMOS Output for Key scanning 

: NMOS Open-drain Output 

: Input without pull-up PMOS 

: Input with pull-up PMOS 

: A/D Input 

: Segment Output 

: Port Output (SEG, ~ SEGi7, Vi, and V2) 

: Terminals for LCD Display 


AOeTaANMIODyY 
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(3) LCD Pin Location 


PY Timing 
“_[com:[com[com 










LcD2 





SEGMENT OUTPUT TERMINAL 








OUTPUT 
Ore | Ore | 




















aes ee Cee ee 
ae 
2 a Sa A 
Ea ea eG es Se ee ee 























| 

















Dae a 

oe ee Zo 
LCD3| 0 i S| | 

a ee el ae a 

2 + 

af 1 _ 


+—+ 











al 


eo 





LCD4 


A os 


Ce 


pot 





=l0 
at 


++} + 








shia sa 




























































































































































































@WRITE and 1/4 XTAL are available when output mode is selected. 
Incase of 1/3 bias 1/3 duty or static LCD, only LCD1, LCD2, and 


LCD3 are allowed to use. 
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3 Receal | 4+—~ + 4 
a aes a TI ; | vers ee et 
4 
5 —— — + — 
eeeeen 2 eee (ES ae | 3 dae | + is 4 
LCDs} 0 a | 
a es is =e _4 cae cae 
{ if + T ro 
= = ii 
4 al Sie eit 
‘eas 7 
———F — ——— 
See eae eee. aeee 
: aoe =o 
en rah a a + 4 4 
2 
3] ‘en I: 
ay — TT 
ret | po, | __ 
lel ar | + J 
+--+ + =e — o + —- + coeds Umee 
Lcp7| 0 Uae TI ae [ [ eee 
! es See cs as es ae ae ee 
— + + 
3 1 T | 
eee oe 
6 ae | _} 
vesajol an a 
1 ptf Et 
ea Oa OS (ad ee . a eS ee es a a ee 
2 Ses Se See ee 
ia [as es Fe ees ee 
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(NOTE) 

Seiect Display 

Timing and SEGMENT 
Terminal for each bit 
of LCD1 ~ LCD8. 

In case of Static 
Driving or Output 
Port, the Timing is 
fixed at COM, . 


@WRITE clock is 
generated when data 

is written into the LCD1. 
1/4 XTAL is a quarter 

of the OSC1 clock speed. 
When the MCU is in 
standby, it becomes 
“*Low’'. 
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HD68P01V07,HD68P01MO 
MC U(Microcomputer Unit) 


The HD68P01 is an 8-bit single chip microcomputer unit 
(MCU) which significantly enhances the capabilities of the 
HMCS6800 family of parts. It can be used in production sys- 
tems to allow for easy firmware changes with minimum delay or 
it can be used to emulate the HD6801 for software development. 
It includes 128 bytes of RAM, Serial Communications Interface 
(SCI), parallel I/O and a three function Programmable Timer on 
chip, and 2048 bytes, 4096 bytes or 8192 bytes of EPROM on 
package. It includes an upgrade HD6800 microprocessing unit 
(MPU) while retaining upward source and object code com- 
patibility. Execution times of key instructions have been im- 
proved and several new instructions have been added including 
an unsigned 8 by 8 multiply with 16-bit result. The HD68P01 
can function as a monolithic microcomputer or can be ex- 
panded to a 65k byte address space. It is TTL compatible and 8 PIN ARRANGEMENT (Top View) 
requires one +5 volt power supply. A summary of HD68P01 
features includes: 


HD68P01S0,HD68P01V05,HD68P01V07,HD68P01M0 





HD68P01S0 HD68P01V05 


FEATURES 
Expanded HMCS6800 Instruction Set 
8 x 8 Multiply Instruction 
Serial Communications Interface (SCI) 
Upward Source and Object Code Compatible with HD6800 
16-bit Three-function Programmable Timer 
Applicable to All Type of EPROM 

2048 bytes ; HN462716 

4096 bytes ; HN462732 or HN462532 

8192 bytes; HN482764 
128 Bytes of RAM (64 bytes Retainable on Powerdown) 
29 Parallel {/O and Two Handshake Control Line 
Internal Clock Generator with Divide-by-Four Output 
Full TTL Compatibility 
Full Interrupt Capability 
Single-Chip or Expandable to 65k Bytes Address Space 
Bus compatible with HMCS6800 Family 





Standby Standby 


HD68P01V07 HO68P0IMO 
TYPE OF PRODUCTS 2 eS * 


[wbserotso [tHe | _HNee2716 
7 wosepotvos | imHe | Hnae2502 
““Hoserotvor [tmz | _HNaez7a2 
[HoesroiMo | —TwHiz —[_HNe@276 


Note) EPROM is not included. : Ba, 





















B3 Voc Standby 
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= BLOCK DIAGRAM 














SCl 
oe Pio 
a P 
Pio Port Pio 
Pas | Pig 
Py, Pig 
P45 Pis 
P46 Pris 
Paz Piz 






Veo. Standby 


On Package 








Address 
Output 


HN462716 
HN462732 
HN462532 


HN482764 
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® ABSOLUTE MAXIMUM RATINGS 


Supply Vote a a TE V 
input Voltge 03~ 77.0 V 


Operating Temperature Ta c 


Storage Temperature Tg -55 ~ +150 7G 


* With respect to Vgg (SYSTEM GND) 
[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions, If these conditions are exceeded, it could affect reliability of LSI. 


m ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5.0V+5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 



































Item Symbol | Test Condition min ae aS Unit 
tite Me RES 4.0 Vee 
Input “High” Voltage Other Inputs* —— Vin 20 = Wo Vv 
Input “Low” Voltage Allinputs® sd r= tgela ee i) oe 
aes Fes a oe as Se en ger 
Input Load Current SC; Hint yneteeey = _ | 08 | mA 
EXTAL Vin =0~ Vee - - 1.2 
Input Leakage Current | NMI, 1RQ,, RES | in| Vin =O~5.25V _ 7 2.5 pA 
olan elie al eo bei ji ane 
ae State (Offset) Pio ~ Piz, Pao ~ Ps Ies| | Vip = 0.5 ~ 2.4V -{| - | 10 | aA 
eakage Current Pop ~ Pos = = 100 
[P3o ~ P37 lLoap = ~205HA 2.4 a 
Output “High” Voltage | Pag ~ P47, E, SC,, SC, Vou lLoap =-145 uA 2.4 - - V 
Other Outputs lLoap = -100 uA 2.4 - - 

“Output “Low” Voltage | All Outputs — VoL lLoap = 1.6mA - - 0.5 Vv 
Darlington Drive Current | Pig ~ Py7 clon | Vour = 1.5V 1.0 - 10.0 mA 
Power Dissipation Py - _ | 1200 | mw 
input Capacitance P29 ~ Par, Pao ~ Par, SCi | = [Vin = OV, Tas 26°C,|— | - | 126 | 

Other Inputs the f = 1.0 MHz Bi les _ + 10.0 
Vee Standby Powerdown VsseB ae fe 5.25 | Vv 
Operating y Vise 4.75|  — 5.25 
Standby Current FPowerdiown Isee Vspp = 4.0V jae ee 8.0 mA 














*Except Mode Programming Levets: See Figure 8. 
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@ AC CHARACTERISTICS 
BUS TIMING (Vcc = 5.0V+5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


ee er 

































































Cycle Time teye 

Address Strobe Pulse Width “‘High’’ = iat PWasy 200 - - ns 
Address Strobe Rise Time tas 5 _ 50 ns 
Address Strobe Fall Time tast 5 - 50 ns 
Address Strobe Delay Time taso | 60 = _ ns 
Enable Rise Time te, 5 | — | 60 | ns 
Enable Fall Time ize 5 - 50 ns 
Enable Pulse Width ‘‘High’’ Time i PWen 450 - - ns 
Enable Pulse Width ‘‘Low”’ Time PWec 450 - - ns 
Address Strobe to Enable Delay Time taseD 60 - - ns 
Address Delay Time [tan Fig. 1 am = 260 ns 
Address Delay Time for Latch (f=1.0MHz) i tape Fig. 2 - - 270 ns 
Data Set-up Write Time tosw 225 = - ns 
Data Set-up Read Time | tosr 80 - _ ns 
Data Hold Time Bese cS 22a = ns 

Write tw 20 fF - | = | 

Address Set-up Time for Latch rt ASL 60 | - | - | ns 
Address Hold Time for Latch tAHL 20 | - | = ns 








Address Hold Time | t AH 20 | - [| - | ns 
Peripheral Read Non-Multiplexed Bus a | = | (610) | = 
Access Time Multiplexed Bus (taccm) | - | - | (600) | 


Oscillator stabilization Time tre | 10 | - | - | ms 
Processor Control Set-up Time [oo | =| - |e 
PERIPHERAL PORT TIMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 























Peripheral Data Setup Time | Port 1, 2, 3,4 tppsu te Fig. 3 200 | - | - | ns 

Peripheral Data Hold Time Port 1, 2, 3, 4 tepH Fig. 3 200 ns 

Delay Time, Enable Positive Transition ; 

to OS3 Negative Transition toso1 Fig. 5 = mcr ies 
el ime, Enable Positive Transiti . 

2 Eee lessen oe tosp2 pias? = a 2e0 ia 

Delay Time, Enable Negative | 

Transition to Peripheral Data} Port 1, 2*, 3, 4 tpwp Fig. 4 _ _ 400 ns 

Valid 

Delay Time, Enable Negative 


* 
Transition to Peripheral Port 2**, 4 temos Fig. 4 ~ us 


CMOS Data Valid 


Input Strobe Pulse Width limo Fig. 6 200 — ns 








Input Data Hold Time “tT port 3 ty Fig. 6 50 ns 
Input Data Set-up Time Port 3 tis Fig. 




















oO 
NR 
© 


ns 


*Except P,, **10kQ pull up register required for Port 2 
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TIMER, SCI TIMING (Vcc = 5.0V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


[Symbol | Test Gondition [ min | we | max] 
ee 























Timer Input Pulse Width 


Delay Time, Enable Positive Transition to 
Timer Out 


SCI Input Clock Cycle 
SC} Input Clock Pulse Width 














Mode Programming Input “Low” Voltage 
Mode Programming Input ‘High’ Voltage 
RES “Low” Pulse Width 

Mode Programming Set-up Time 






























RES Rise Time > 1us 


RES Rise Time < tps 


Mode Programming 
Hold Time 
























leye > 

Address Strobe 

{AS) 

D 
+ PWexy ———> 
Enable 
(E) 
<—tEr — tet 
— = taH 
R,W AeA 
= i senna | TS 
+ tHw 
MPU Write 2.2V 2 2V 
0,~0,,A,~A Address 
7 (Port 3) , oan Aes Data Valid 
+—$—-tanr —_——— tosr io 
HR 

MPU Read Fone 2.0V 
Pete Tagan? Valid ) ( Data Valid » 

(Port 3) 06V wee 





+———— tacem) 


Figure 1 Expanded Multiplexed Bus Timing 
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—  _—_————. tEcye 


2.4V 


Enable 
(E) 


——__—_———— PWey————————— 


PWe | ae co i 
0.5V 


—! <—ter —- tef 


tad 
Ao~AxPort4) 2.2V 
RW (SC2) (| Address Valid 
oS = (SC) 0.6V 


ppt : 
MPU Write 
( Data Valid 

0.6V 


A 


. A 


0,~D, 
(Port 3) 





MPU Read 
D,~0, 
(Port 3) 


Data Valid 






Figure 2 Expanded Non-Multiplexed Bus Timing 


[ MPU Write 








E 
Pio ~ Pi, 
Pio ~ Pas 
Pao ~ P,, 
Inputs Alf Data 
Port Outputs 
Pro ~ Ps, 
Inputs® 
(NOTE) 1. 10 kQ Pullup resistor required for Port 2 to reach 0.7 Vcc 
2. Not applicable to Pa, 
*Port 3 Non-Latched Operation (LATCH ENABLE = 0) 3. Port 4 cannot be pulled above Voc 
Figure 3 Data Set-up and Hold Times Figure 4 Port Data Delay Timing 
(MPU Read) (MPU Write) 
[— MPU access of Port 3° 
iS3 
E 2.4V 
Address 
Bus 






aeesee toso 
Oos3 2 > Z Pio APE 2.0V 
0.6V . Inputs 
*Access matches Output Strobe Select (OSS = 0, a read; 
OSS = 1, a write) 
Figure 5 Port 3 Output Strobe Timing Figure 6 Port 3 Latch Timing 
(Single Chip Mode) (Single Chip Mode) 
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Timer 
Counter 


Output Compare 
Matched 





P,, 2.2V 
Output 0.6V 


Figure 7 Timer Output Timing 


Test Point oi 
30pF 


(a) CMOS Load 


Mode Inputs 
(Pig Pay Poa) 








Figure 8 Mode Programming Timing 


Vee 


RL =2.2k2 


Test Point 
12074 ©) 
or Equiv. 


90 pF for Py, ~P,,, Pyo ~P,7,€&, SC,, SC, 
30 pF for P,, ~P,,,P,,~P,, 

12 kQ for Pig ~P,,. Pan ~P,,,£,SC,. SC, 
24k2 for P., ~P,,, P,5~P 


» Oa 
noua 


24 


(b) TTL Load 


Figure 9 Bus Timing Test Loads 


@ INTRODUCTION 

The HD68P01 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the configura- 
tion of 18 of the MCU’s 40 pins, available on-chip resources, 
memory map, location (internal or external) of interrupt 
vectors, and type of external bus. The configuration of the re- 
maining 22 pins is not dependent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports and one 
5-bit port. Each port consists of at least a Data Register and a 
write-only Data Direction Register. The Data Direction Register 
is used to define whether corresponding bits in the Data Regis- 
ter are configured as an input (clear) or output (set). 

The term “port”, by itself, refers to all of its associated hard- 
ware. When the port is used as a “data port” or “I/O port”, it is 
controlled by its Data Direction Register and the programmer 
has direct access to its pins using the port’s Data Register. Port 
pins are labled as Pij where i identifies one of four ports and j 
indicates the particular bit. 

The Microprocessor Unit (MPU) is an enhanced HD6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the HD6800. 
The programming model is depicted in Figure 10 where Ac- 
cumulator D is a concatenation of Accumulators A and B. A 
list of new operations added to the HMCS6800 instruction set 
are shown in Table 8. 

The basic difference between the HD6801 and the HD68P01 
is that the HD6801 has an on-chip ROM while the HD68P01 has 


an on-package EPROM. The HD68P01 is pin and code com- 
patible with the HD6801 and can be used to emulate the 
HD6801, allowing easy software development using the on- 
package EPROM. Software developed using the HD68P01 can 
then be masked into the HD6801 ROM. 


8-Bit Accumulators 
A and B 


Or 16-Bit Double 
Accumulator D 


Index Register (X) 


Stack Pointer (SP) 





15 PC 0 


Program Counter (PC) 


u 2 Condition Code 

ff 1H] 1 [Nz] ic} Register (CCR) 
Carry/Borrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 
Half Carry (From Bit 3) 


Figure 10 HD68P01 Programming Model 
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® INTERRUPTS 

The MCU supports two types of interrupt requests: maskable 
and non-maskable. A Non-Maskable Interrupt (NMI) is always 
recognized and acted upon at the completion of the current 
instruction. Maskable interrupts are controlled by the Condition 
Code Register’s I-bit and by individual enable bits. The I-bit 
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set to inhibit maskable interrupts and a vector is fetched cor- 
responding to the current highest priority interrupt. The vector 
is transferred to the Program Counter and instruction execution 
is resumed, Interrupt and RES timing is illustrated in Figure 11 
and 12. 























controls all maskable interrupts. Of the maskable interrupts, Table 1 MCU Interrupt Vector Locations 
there are two types: IRQ; and IRQ, . The Programmable Timer 
and Serial Communications Interface use an internal IRQ, inter- MSB LSB Interrupt 
rupt line, as shown in BLOCK DIAGRAM. External devices FFFE FFFF RES 
(and IS3) use IRQ). An IRQ, interrupt is serviced before IRQ, FFFC FFFD NMI 
if both are pending. yt 
All IRQ, interrupts use hardware prioritized vectors. The FFFA FFFB Software Interrupt (SW!) 
single SCI interrupt and three timer interrupts are serviced in a FFF8 FFF9 TRQ, (or 1S3) 
prioritized order where each is vectored to a separate location. FFF6 FFF7 ICF (Input Capture) 
All MCU interrupt vector locations are shown in Table 1. FFA FFES5 OCF (O C 
The Interrupt flowchart is depicted in Figure 13 and is com- ot ompare} 
mon to every MCU interrupt excluding Reset. The Program FFF2 FFF3 TOF (Timer Overflow) 
Counter, Index Register, A Accumulator, B Accumulator, and FFFO FFF1 SCI (RDRF + ORFE + TDRE) 
Condition Code Register are pushed to the stack. The I-bit is 
Cycle | | | | | | | 
Last Instruction ——+ #1 #2 #3 af 25 cs #7 #8 #9 #40 11 #12 
€ 
; 1-Bit Set 
nterna 
i) Gan) Gaal) ee Gin SD a 2 Gi ae Gap i Ga Ga Ga aaa 
Op Code Op Code SPin) SP(n-1) SP(n-2) = SP(n-3)  SP(n-4) = SP{n-5) —- SP(n-6) = SP(n-7) Vector Vector New PC 
Addr Addr +1 MSB Addr LSB Addr Address 
IRQ, 
—| le tecs 
* 
NMI or IRQ; 
—>| {+— trcs 
internal 
ee Op Code Op Code PCO~PC7 PC8~PCIS x0~x7 X8~X15 ACCA ACCB CCR Irrelevant Vector Vector = First Inst. of 
Data MSB LSB Interrupt Routine 
Internal R/W 





* JRQ,; Internal Interrupt 


Figure 11 


—— §.25V 


Interrupt Sequence 








4.75V 
Voc 
|<-—_____— 


tre ——e 1 |<— tes +— lecs 
oo 40V 08Vv 
‘S—————— AF 


Internal 


nad APANNNNUUNANNUNNNAUANANANNNUANNANRARRUUUAANNNAANNANY GD 
piel Fere ’JFFFE FFFE FFFE FFFF New PC 


FFFE FFFE 


AaaeGeiANNNNNNNNNANNANANNANSAAANNUANAANAANAAANUURANNUUNN GSD GD, GED GUNED GED GND GLED GUND GED, Gl 


A\\\\ Not Valid 


PC8~PC15 PCO~PC? First 
Instruction 


Figure 12 Reset Timing 
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26 


IHOVLIH @ 


TMP} | 
Stack Machine State 
PC, X, A, B, CC 















: Con > N WAI 
Y 
Y 
Vector—» PC 
RESET |FFFE: FFFF S 
N 
EXECUTE 
Y 
Y 
|->1TMP 
Condition Code Register 1» | 
N 
fen Vector —*™ PC 

lumi | FFDC:FFED | Non-Maskable Interrupt 

N | swt | FFFA:FFFB_ | Software Interrupt 
| 7RO, | FFF8:FFFO | Maskable Interrupt Request 1 
FFF6:FFF7 Input Capture Interrupt 
FFF4:FFF5 Output Compare Interrupt 

1TMP-> | FFF2:FFF3 _| Timer Overfiow interrupt 
N | SCi[ FFFO:FFF1 | SCt Interrupt (TORE + RDRF + ORFE) 


Figure 13 Interrupt Flowchart 
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® FUNCTIONAL PIN DESCRIPTIONS 


e Vec and Vss 

Vcc and Vsg provide power to a large portion of the MCU. 
The power supply should provide +5 volts (5%) to Vcc, and 
Vsg should be tied to ground. Total power dissipation (includ- 
ing Vcc Standby), will not exceed Pp milliwatts. 


® Vcc Standby 

Vcc Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME bits 
of the RAM Control Register. Voltage requirements depend on 
whether the MCU is in a powerup or powerdown state. In the 
powerup state, the power supply should provide +5 volts (+5%) 
and must reach Vspg volts before RES reaches 4.0 volts. During 
powerdown, Vcc Standby must remain above Vspp (min) to 
sustain the standby RAM and STBY PWR bit. While in power- 
down operation, the standby current will not exceed Ispp. 

It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to either 
ground or Vcc in Mode 3. 


Vec Standby Power Line 


rr 


Figure 14 Battery Backup for Vec Standby 


® RAM Control Register ($14) 

The RAM Control Register includes two bits which can be 
used to control RAM accesses and determine the adequacy of 
the standby power source during powerdown operation. It is 
intended that RAME be cleared and STBY PWR be set as part 
of a powerdown procedure, 


RAM Control Register 


7 6 5 4 3 2 1 0 
STBY 
asf] «Te Pe Te 
Bit O~5 Not Used 
Bit 6 RAME 





RAM Enable. This Read/Write bit can be 
used to remove the entire RAM from the 
internal memory map. RAME is set (en- 
abled) during Reset provided standby 
power is available on the positive edge of 
RES. If RAME is clear, any access to a 
RAM address is external. If RAME is set 
and not in Mode 3, the RAM is included 
in the internal map. 

Standby Power. This bit is a Read/Write 
status bit which is cleared whenever Vcc 
Standby decreases below Vspp (min). It 
can be set only by software and is not 
affected by RES. 


Bit 7 STBY PWR 


@ XTAL and EXTAL 
These two input pins interface either a crystal or TTL com- 


patible clock to the MCU’s internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz Color Burst TV crystals. A 22 pF capacitor is requir- 
ed from each crystal pin to ground to ensure reliable startup and 
operation. Alternatively, EXTAL may be driven with an ex- 
ternal TTL compatible clock with a duty cycle of 50% (+10%) 
with XTAL connected to ground. 

The internal oscillator is designed to interface with an AT-cut 
quartz crystal resonator or a ceramic resonator operated in par- 
allel resonance mode in the frequency range specified for 3.2 ~ 
4 MHz. The crystal should be mounted as close as possible to 
the input pins to minimize output distortion and startup stabili- 
zation time. The MCU is compatible with most commercially 
available crystals and ceramic resonators and nominal crystal 
parameters are shown in Figure 15. 


@ RES 

This input is used to reset the MCU’s internal state and pro- 
vide an orderly startup procedure. During powerup, RES must 
be held below 0.8 volts: (1) at least trc after Voc reaches 4.75 
volts in order to provide sufficient time for the clock generator 
to stabilize, and (2) until Voc Standby reaches 4.75 volts. RES 
must be held low at least three E-cycles if asserted during pow- 
erup operation. 

When a “High” level is detected, the MCU does the following: 

1) All the higher order address lines will be forced “High”. 

2) 1/O Port 2 bits, 2, 1, and 0 are latched into programmed 
control bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set; must be cleared before the 
MPU can recognize maskable interrupts. 


@ E (Enable) 

This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide-by- 
four result of the MCU input frequency. It will drive one 
Schottky TTL load and 90 pF, and all data given in cycles is re- 
ferenced to this clock unless otherwise noted. 


@ NMI (Non-Maskable Interrupt) 

An NMI negative edge request an MCU interrupt sequence, 
but the current instruction will be completed before it responds 
to the request. The MCU will then begin an interrupt sequence. 
Finally, a vector is fetched from $FFFC and $FFFD, trans- 
ferred to the Program Counter and instruction execution re- 
sumes. NMI typically requires a 3.3 kQ (nominal) resistor to 
Vcc. There is no internal NMI pullup resistor. NMI must be 
held low for at least one E-cycle to be recognized under all 
conditions. 





© 1RQ1 (Maskable Interrupt Request 1) 

IRQ, is a level-sensitive input which can be used to request 
an interrupt sequence. The MPU will complete the current in- 
struction before it responds to the request. If the interrupt mask 
bit (I-bit) in the Condition Code Register is clear, the MCU will 
begin an interrupt sequence. Finally, a vector is fetched from 
$FFF8 and $FFF9, transferred to the Program Counter, and 
instruction execution is resumed, 

IRQ, typically requires an external 3.3 kQ (nominal) resis- 
tor to Vcc for wire-OR application. IRQ, has no internal 
pullup resistor. 
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© SC1 and SC2 (Strobe Control 1 and 2) 

The function of SC, and SC, depends on the operating 
mode. SC, is configured as an output in all modes except 
single chip mode, whereas SC, is always an output. SC, and 
SC, can drive one Schottky load and 90 pF. 


SC1 and SC2 in Single Chip Mode 

In Single Chip Modes, SC, and SC, are configured as an in- 
put and output, respectively, and both function as Port 3 con- 
trol lines. SC, functions as 1S3 and can be used to indicate that 
Port 3 input data is ready or output data has been accepted. 
Three options associated with IS3 are controlled by Port 3’s 
Control and Status Register and are discussed in Port 3’s des- 
cription. If unused, 1S3 can remain unconnected. 

SC, is configured as OS3 and can be used to strobe output 
data or acknowledge input data. It is controlled by Output 
Strobe Select (OSS) in Port 3’s Control and Status Register. The 
strobe is generated by a read (OSS= 0) or write (OSS = 1) to 
Port 3’s Data Register. OS3 timing is shown in Figure 5. 


AT Cut Parallel Resonance Crystat 


Co = 7 pF max 
Rs = 60 2 max 
XTAL 
| Cy = Cio = 22pF + 20% 
(3.2 ~ 4 MHz) 
EXTAL 


SC1 and SC2 in Expanded Non-Multiplexed Mode 

In the Expanded Non-Multiplexed Mode, both SC, and SC, 
are configured as outputs. SC, functions as Input/Output Select 
(IOS) and is asserted only when $0100 through $01FF is sensed 
on the internal address bus. 

SC, is configured as Read/Write and is used to control the 
direction of data bus transfers. An MPU read is enabled when 
Read/Write and E are high. 


SCi and SC2 in Expanded Multiplexed Mode 

In the Expanded Multiplexed Modes, both SC, and SC, are 
configured as outputs. SC, functions as Address Strobe and can 
be used to demultiplex the eight least significant addresses and 
the data bus. A latch controlled by Address Strobe captures ad- 
dress on the negative edge, as shown in Figure 20. 

SC, is configured as Read/Write and is used to control the 
direction of data bus transfers. An MPU read is enabled when 
Read/Write and E are high. 


pa] 


eA Cc, As 
2 3 
Co 


Equivalent Circuit 


(a) Nominal Recommended Crystal Parameters 


Re 
4.75V 
Vec 
- eg ee a 
RES 
0.8V 
tre 
Oscillator 
Stabilization 
Time, trac 


(b) Oscillator Stabilization Time (tac) 


Figure 15 Oscillator Characteristics 
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= PORTS 

There are four I/O ports on the MCU; three 8-bit ports and 
one 5-bit port. There are two control lines associated with one 
of the 8-bit ports. Each port has an associated write only Data 
Direction Register which allows each I/O line to be programmed 
to act as an input or an output. A “11” in the corresponding 
Data Direction Register bit will cause that I/O line to be an out- 
put. A ‘‘O” in the corresponding Data Direction Register bit will 
cause the I/O line to be an input. There are four ports: Port 1, 
Port 2, Port 3, and Port 4. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


Table 2 Port and Data Direction Register Addresses 












Ports Port Address penis setae 
1/0 Port 1 $0000 
1/0 Port 2 $0001 
1/0 Port 3 $0006 $0004 
1/0 Port 4 








@ P19 ~P17 (Port 1) 

Port 1 is a mode independent 8-bit I/O port where each line 
is an input or output as defined by its Data Direction Register. 
The TTL compatible three-state output buffers can drive one 
Schottky TTL load and 30 pF, Darlington transistors, or CMOS 
devices using external pullup resistors. It is configured as a data 
input port by RES. Unused lines can remain unconnected. 


@ P29~P2za (Port 2) 

Port 2 is a mode independent 5-bit I/O port where each line 
is configured by its Data Direction Register. During RES, all 
lines are configured as inputs. The TTL compatible three-state 
output buffers can drive one Schottky TTL load and 30 pF or 
CMOS devices using external pullup resistors. P29, P2, and P,. 
must always be connected to provide the operating mode. If 
lines P,3 and P,4 are unused, they can remain unconnected. 

P25, P2;, and P,, provide the operating mode which is 
latched into the Program Control Register on the positive edge 
of RES. The mode may be read from Port 2 Data Register as 
shown where PC2 is latched from pin 10. 

Port 2 also provides an interface for the Serial Communica- 
tions Interface and Timer. Bit 1, if configured as an output, is 
dedicated to the timer’s Output Compare function and cannot 
be used to provide output from Port 2 Data Register. 


Port 2 Data Register 


7 6 5 4 3 2 1 ie) 

rap [ ea [ef ro] 
© P39~P37 (Port 3) 

Port 3 can be configured as an I/O port, a bidirectional 8-bit 
data bus, or a multiplexed address/data bus depending on the 
operating mode. The TTL compatible three-state output buffers 
can drive one Schottky TTL load and 90 pF. Unused lines can 
remain unconnected. 


Port 3 in Single-Chip Mode 
Port 3 is an 8-bit I/O port in Single-Chip Mode where each 
line is configured by its Data Direction Register. There are also 


two lines, IS3 and OS3, which can be used to control Port 3 
data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and available only in Single-Chip Mode: (1) 
Port 3 input data can be latched using {S3 as a control signal, 
(2) OS3 can be generated by either an MPU read or write to 
Port 3’s Data Register, and (3) an IRQ, interrupt can be en- 
abled by an IS3 negative edge. Port 3 latch timing is shown in 
Figure 6. 


Port 3 Control and Status Register 


7 6 5 4 3 2 1 ce] 
rex | _1S3 
1$3 Latch 
(RQ) x x x x 


Bit O~2 
Bit 3 


$000F 





Not used. 

LATCH ENABLE. This bit controls the in- 
put latch for Port 3. If set, input data is 
latched by an IS3 negative edge. The latch 
is transparent after a read of Port 3’s Data 
Register. LATCH ENABLE is cleared by 
RES. 

OSS (Output Strobe Select). This bit deter- 
mines whether OS3 will be generated by a 
read or write of Port 3’s Data Register. 
When clear, the strobe is generated by a 
read; when set, it is generated by a write. 
OSS is cleared by RES. 

Not used. — 

IS3 IRQ, ENABLE. When set, an IRQ, 
interrupt will be enabled whenever IS3 
FLAG is set; when clear, the interrupt is 
inhibited. This bit is cleared by RES. 

IS3 FLAG. This read-only status bit is set 
by an IS3 negative edge. It is cleared by a 
read of the Port 3 Control and Status 
Register (with IS3 FLAG set) followed by 
a read or write to Port 3’s Data Register or 
by RES. 


Bit 4 


Bit 5 
Bit 6 


Bit 7 


Port 3 in Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (Dp ~D7) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC,) and clocked by E 
(Enable). 


Port 3 in Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (Ag ~A7) 
and data bus (Dp) ~D,) in Expanded Multiplexed Mode where 
Address Strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high impedance state between valid address 
and data to prevent potential bus conflicts. 


@ P4aq~Pa7 (Port 4) 

Port 4 is configured as an 8-bit I/O port, address outputs, or 
data inputs depending on the operating mode. Port 4 can drive 
one Schottky TTL load and 90 pF and is the only port with 
internal pullup resistors. Unused lines can remain unconnected. 


Port 4 in Single Chip Mode 
In Single Chip Mode, Port 4 functions as an 8-bit I/O port 
where each line is configured by its Data Direction Register. 
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Internal pullup resistors allow the port to directly interface with 
CMOS at 5 volt levels. External pullup resistors to more than 5 
volts, however, cannot be used. 


Port 4 in Expanded Non-Multiplexed Mode 

Port 4 is configured from RES as an 8-bit input port where 
its Data Direction Register can be written to provide any or all 
of address lines, Ag to A7. Internal pullup resistors are intend- 
ed to pull the lines high until its Data Direction Register is 
configured. 


Port 4 in Expanded Multiplexed Mode 

In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides Ag to A,5. In 
Mode 6, the port is configured from RES as an 8-bit parallel in- 
put port where its Data Direction Register can be written to 
provide any or all of address lines, Ag to A,,. Internal pullup 
resistors are intended to pull the lines high until its Data Direc- 
tion Register is configured where bit 0 controls Ag. 


® OPERATING MODES 

The MCU provides eight different operating modes which are 
selectable by hardware programming and referred to as Mode 0 
through Mode 7. The operating mode controls the memory 
map, configuration of Port 3, Port 4, SC, , SC, , and the physical 
location of interrupt vectors. 


@ Fundamental Modes 

The MCU’s eight modes can be grouped into three funda- 
mental modes which refer to the type of bus it supports: Single 
Chip, Expanded Non-Multiplexed, and Expanded Multiplexed. 
Single chip modes include 4 and 7, Expanded Non-Multiplexed 
is Mode 5 and the remaining five are Expanded Multiplexed 
modes, Table 3 summarizes the characteristics of the operating 
modes. 


Single Chip Modes (4, 7) 

In Single-Chip Mode, the MCU’s four ports are configured as 
parallel input/output data ports, as shown in Figure 16. The 
MCU functions as a monolithic microcomputer in these two 
modes without external address or data buses. A maximum of 
29 1/O lines and two Port 3 control lines are provided. In ad- 
dition to other peripherals, another MCU can be interfaced to 
Port 3 in a loosely coupled dual processor configuration, as 
shown in Figure 17. 

In Single-Chip Test Mode (4), the RAM responds to $X X80 
through $XXFF and the ROM is removed from the internal ad- 
dress map. A test program must first be loaded into the RAM 
using modes 0, 1, 2, or 6. If the MCU is Reset and then pro- 
grammed into Mode 4, execution will begin at $XXFE: XXFF. 
Mode 5 can be irreversibly entered from Mode 4 without going 
through Reset by setting bit 5 of Port 2’s Data Register. This 
mode is used primarily to test Ports 3 and 4 in the Single-Chip 
and Non-Multiplexed Modes. 


Expanded Non-Multiplexed Mode (5) 

A modest amount of external memory space is provided in 
the Expanded Non-Multiplexed Mode while retaining signifi- 
cant on-chip resources. Port 3 functions as an 8-bit bidirectional 
data bus and Port 4 is configured as an input data port. Any 
combination of the eight least-significant address lines may be 
obtained by writing to Port 4’s Data Direction Register. Stated. 
alternatively, any combination of Ay to A, may be provided 
while retaining the remainder as input data lines. Internal pull- 





up resistors are intended to pull Port 4’s lines high until it is 
configured. 

Figure 18 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directly 
with HMCS6800 family parts and can access 256 bytes of 
external address space at $100 through $1FF. IOS provides an 
address decode of external memory ($100—$1FF) and can 
be used similarly to an address or chip select line. 


Table 3 Summary of HD6800 Operating Modes 


Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communication Interface 


Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of ROM 
Port 3 is a parallel 1/O port with two contro! lines 
Port 4 is a parallel 1/O port 
SC, is Input Strobe 3 (1S3) 
SC, is Output Strobe 3 (OS3) 


Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 
SC; is Input/Output Select (10S) 
SC, is read/write (R/W) 


Expanded Multiplexed Modes 1, 2, 3, 6 
Four memory space options (65k address space): 
(1) No internal RAM or ROM (Mode 3) 
(2) Internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC, is Address Strobe (AS) 
SC, is Read/Write (R/W) 


Test Modes 0 and 4 
Expanded Multiplexed Test Mode 0 
May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 
(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as I/O ports 





Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 65k bytes memory space. Port 3 functions as a time 
multiplexed address/data bus with address valid on the negative 
edge of Address Strobe (AS) and the data bus valid while E is 
high. In Modes 0 to 3, Port 4 provides address lines Ag to Aj5. 
In Mode 6, however, Port 4 is configured during RES as data 
port inputs and the Data Direction Register can be changed to 
provide any combination of address lines, Ag to A,,;. Stated 
alternatively, any subset of Ag to A,s can be provided while 
retaining the remainder as input data lines. Internal pullup 
resistors are intended to pull Port 4’s lines high until software 
configures the port. 

Figure 19 depicts a typical configuration for the Expanded- 
Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses Ag to Aj, as 
shown in Figure 20. This allows Port 3 to function as a Data Bus 
when E is high. 

In Mode 0, the Reset vector is external for the first two E- 
cycles after the positive edge of RES and internal thereafter. In 
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addition, the internal and external data buses are connected and and monitor the internal data bus with the automated test 
there must be no memory map overlap to avoid potential bus equipment. 
conflicts. Mode 0 is used primarily to verify the ROM pattern 
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Figure 19 Expanded Multiplexed Configuration 
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GND 
AS 
ae 7418373 
Address/Data Séa58 
Pealikote tes. 
Pies. «6: 


Function Table 
Enable 


Address: Ag ~ Az 


Output 
Control 





L 
L 
L 
H 


Data: Dp ~ D7 


Figure 20 Typical Latch Arrangement 


® Programming The Mode 

The operating mode is programmed by the levels asserted on 
P22, P21, and P,9 which are latched into PC2, PC1, and PCO of 
the program control register on the positive edge of RES. The 
operating mode may be read from Port 2 Data Register as 
shown below, and programming levels and timing must be met 
as shown in Figure 8. A brief outline of the operating modes is 
shown in Table 4. 


Port 2 Data Register 


7 6 5 4 3 2 1 ie) 
Pee eee eae 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If con- 
figured as outputs, the circuit shown in Figure 21 may be used; 
otherwise, three-state buffers can be used to provide isolation 
while programming the mode. 


Table 4 Mode Selection Summary 


Operating Mode 


Pro Interrupt Bus 


7 Single Chip 
6 ee Multiplexed/Partial Decode 
| A ET TS 
3 [ep H | a] & | € | © | MUX) | Multiplexed /No RAW or ROM 
a SO 
ip | Mend RAM & ROW 
Legend: Notes: 
{ — Internal (1) Internal RAM is addressed at $X X80 
E — External (2) Internal ROM is disabled 


(3) RES vector is external for 2 cycles after RES goes high 


MUX — Multiplexed ; 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0,1, 2, and 3 


NMUX — Non-Multiplexed 


L — Logic ‘0° (5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
H — Logic “1” (6) Port 4 defauit is user data input; address output is optional by writing to Port 4 Data Direction Register 
398 @ HITACHI 


HD68P01S0,HD68P01V05, HD68P01V07,HD68P01MO 


RES RES 


HD68P01 


P29 (PCO) 
P>, (PC1) 
P29 z P>> (PC2) 





c [NOTES] 1) Mode 7 as shown 
2) RC © Reset time constant 
Control 3) Ry =10k2 
Switch 


Figure 21 Recommended Circuit for Mode Selection 



































Truth Table 
© Vop 
Control Input 
On Switch 
"AO i Select 
AO Binary to 1-of-2 Inhibit eee 
BO Converter ir sia at 
CO nhibi - 
0 
0 
Xo O 5 
X,O x 0 
YoO ; 
vi © Y 5 
Zo © e 4 
Z10 Zz 


Figure 22 HD14053B Multiplexers/Demultiplexers 
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= MEMORY MAPS Table 5 Internal Register Area 
The MCU can provide up to 65k byte address space depend- - 
ing on the operating mode. The HD68P01 provides 8k byte ad- Register Address 
dress space for EPROM, but the maps differ in EPROM types as Port 1 Data Direction Register* ** 00 
follows. Port 2 Data Direction Register* ** 01 
1) HN462716 (a 2k byte ROM) Port 1 Data Register 02 
In order to support the HD6801S0, EPROM of the Port 2 Data Register 03 
HD68P01S0 must be located at $F800-$FFFF. Port 3 Data Direction Register* ** 04* 
2) HN462532, HN462732 (a 4k byte ROM) Port 4 Data Direction Register* ** 05** 
In order to support the HD6801VO EPROM of the Port 3 Data Register 06* 
HD68P01V05 and the HD68P01V07 must be located Port 4 Data Register o7** 
at $FOOO-$FFFF. Timer Control and Status Register 08 
3) HN482764 (a 8k byte ROM) Counter (High Byte) 09 
The HD68P01MO can provide up to 8k byte address Counter (Low Byte) 0A 
space using HN482764 instead of HN462732. In this case, Output Compare Register (High Byte) OB 
EPROM of the HD68P01M0 is located at $EOOQ0-$FFFF. Output Compare Register (Low Byte) oc 
A memory map for each operating mode is shown in Figure Input Capture Register (High Byte) oD 
23. The first 32 locations of each map are reserved for the Input Capture Register (Low Byte) OE 
MCU’s internal register area, as shown in Table 5, with excep- Port 3 control and Status Register OF* 
tions as indicated. Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Reserved 15-1F 


* External address in Modes 0, 1, 2, 3, 5, 6; cannot be accessed in 
Mode 5 (No IOS) 
** External addresses in Modes 0, 1, 2,3 
*** 7 = Output, O = Input 
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HD68P01 HD68P01 
Mode Mode 


Multiplexed Test mode Multiplexed/RAM & EPROM 


$001F 
External Memory Space External Memory Space 


$OOF F 


External Memory Space 
External Memory Space 


- a 


SFFFO ae External Interrupt Vectors 


Internal Interrupt Vectors!2 $FEFF 


[NOTES] (NOTES] 
1) Excludes the following addresses which may 1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and $0F. be used externally: $04, $05, $06, $07 and 
2) Addresses $F FFE and $FFFF are considered SOF. 
external if accessed within 2 cycles alter a 2) EPROM addresses $F FFO to $FFFF are 
positive edge of RES and internal at all other not usable. 
times. 
After 2 MPU cycles, there must be no over- 
lapping of internal and external memory 
spaces to avoid driving the data bus with more 
than one device. 
This mode is the only mode which may be used 
to examine the interrupt vectors in EPROM 
using an external Reset vector. 





Figure 23 HD68P01 Memory Maps 
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Multiplexed/RAM 


HD68P01 
Mode 


ie WY | Internal Registers 
eee External Memory Space 


$0020 Y)/ | acai 


$OOFF 


External Memory Space 


$FFFO 


External {nterrupt Vectors 
SFFFF 


(NOTE) 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 








HD68P01 
Mode 


Multiplexed/No RAM or EPROM 


$0000(1) YY Internal Registers 


$001F 


External Memory Space 


$FFFO 


External Interrupt Vectors 


$FFFF 


(NOTE) 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
$OF. 


Figure 23 HD68P01 Memory Maps (Continued) 
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HD68P01 
Mode 
Single Chip Test 


$0000 
\ Internal Registers 


$001F 


Unusable(1)(4) 


Internal RAM 


$XX80 
internal Interrupt Vectors 


$XXFF 


[NOTES] 

1) The internal ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without 
having to assert RESET by writing a “1” into 
the PCO bit of Port 2 Data Register. 

Addresses A, to A,, are treated as ‘‘don't 
cares” to decode internal RAM. 
internal RAM will appear at $XX80 to $XXFF. 


HD68P01 
Mode 


Non-Multiplexed/Partial Decode 


$0000(1) 


Internal Registers 
$001 F 
Unusable 


$0080 


| Internal RAM 


$OOFF 


$0100 
External Memory Space 


SO1FF 


Unusabie 


EPROM 


SFFFF Internal Interrupt Vectors 


[NOTES] 


1) 


2) 





Excludes the following addresses which may 
not be used externally: $04, $06, and $OF. 
(No IOS) 

This mode may be entered without going 
through RESET by using Mode 4 and sub- 
sequently writing a ‘’1’’ into the PCO bit of 
Port 2 Data Register. 

Address lines A, ~A, will not contain address- 
es until the Data Direction Register for Port 4 
has been written with “1's” in the appropriate 
bits. These address lines wil! assert ‘’1's’’ until 
made outputs by writing the Data Direction 
Register. 


Figure 23 HD68P01 Memory Maps (Continued) 
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HD68P01 HD68P01 
Mode Mode 


Multiplexed/Partial Decode Single Chip 
$0000 


se WY Internal Registers , ae LL: Internal Registers 
eae External Memory Space Unusable 
$0080 


$OOF F 


External Memory Space Unusable 


Internal Interrupt Vectors 


$F FFF 


[NOTES] 

1) Excludes the following address which may be 
used externally: $04, $06, SOF. 

2) Address lines A, ~A,, will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with “1's” in the 
appropriate bits. These address lines will 
assert “'1’s’’ until made outputs by writing the 
Data Direction Register. 





Figure 23 HD68P01 Memory Maps (Continued) 
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= PROGRAMMABLE TIME 

The Programmable Timer can be used to perform input wave- 
form measurements while independently generating an output 
waveform. Pulse widths can vary from several microseconds to 
many seconds. A block diagram of the Timer is shown in Figure 
24. 


®@ Counter ($09:0A) 

The key timer element is a 16-bit free-running counter which 
is incremented by E (Enable). It is cleared during RES and is 
read-only with one exception: a write to the counter ($09) will 
preset it to $FFF8. This feature, intended for testing, can dis- 
turb serial operations because the counter provides the SCI’s 
internal bit rate clock. TOF is set whenever the counter contains 
all 1’s. 


@ Output Compare Register ($0B:0C) 

The Output Compare Register is a 16-bit Read/Write register 
used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E-cycle. When a match is found, OCF is set and OLVL is 
clocked to an output level register. If Port 2, bit 1, is configured 
as an output, OLVL will appear at P2, and the Output Compare 
Register and OLVL can then be changed for the next compare. 
The function is inhibited for one cycle after a write to its high 
byte of the Compare Resister ($0B) to ensure a valid compare. 























Status 
Register 
$08 


IRQ, HD68P01 Internal Bus 


Output Compare Pulse 


The Output Compare Register is set to $FFFF by RES. 


© Input Capture Register ($OD: OE) 

The Input Capture Register is a 16-bit read-only register used 
to store the free-running counter when a “‘proper” input transi- 
tion occurs as defined by IEDG. Port 2, bit 0 should be con- 
figured as an input, but the edge detect circuit always senses P29 
even when configured as an output. An input capture can occur 
independently of ICF: the register always contains the most cur- 
rent value. Counter transfer is inhibited, however, between ac- 
cesses of a double byte MPU read. The input pulse width must 
be at least two E-cycles to ensure an input capture under all 
conditions. 


© Timer Control and Status Register ($08) 

The Timer Control and Status Register (TCSR) is an 8-bit 
register of which all bits are readable while bits 0~4 can be 
written. The three most significant bits provide the timer’s 
status and indicate if: 

* a proper level transition has been dtected, 

- a match has been found between the free-running counter 

and the output compare register, and 

+ the free-running counter has overflowed. _ 

Each of the three events can generate an IRQ, interrupt and 
is controlled by an individual enable bit in the TCSR. 





Input Capture 
Register 









Edge Detect 
D 
b 


bo} Output 
Level 
Register 






Bit 1 
Port 2 






i ao a aban ! Output Input 
Level Edge 
Bit1 Bitd 
Port 2 Port2 





Figure 24 Block Diagram of Programmable Timer 
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Timer Control and Status Register (TCSR) 


7 6 5 4 3 2 1 0 
fe Poor fesferofepr] som 


BitOOLVL Output level. OLVL is clocked to the output 
level register by a successful output compare and 
will appear at P,, if Bit 1 of Port 2’s Data Direc- 
tion Register is set. It is cleared by RES. 

Input Edge. IEDG is cleared by RES and controls 
which level transition will trigger a counter trans- 
fer to the Input Capture Register: 

IEDG = 0 Transfer on a negative-edge 

IEDG = 1 Transfer on a positive-edge. 

Enable Timer Overflow Interrupt. When set, an 
IRQ, interrupt is enabled for a timer overflow; 
when clear, the interrupt is inhibited. It is cleared 
by RES. 

Enable Output Compare Interrupt. When set, an 
IRQ, interrupt is enabled for an output com- 
pare; when clear, the interrupt is inhibited. It is 
cleared by RES. 

Enable Input Capture Interrupt. When set, an 
IRQ, interrupt is enabled for an input capture; 
when clear, the interrupt is inhibited. It is 
cleared by RES. 

Timer Overflow Flag. TOF is set when the 
counter contains all 1’s. It is cleared by reading 
the TCSR (with TOF set) followed by the 
counter’s high byte ($09), or by RES. 

Output Compare Flag. OCF is set when the Out- 
put Compare Register matches the free-running 
counter, It is cleared by reading the TCSR (with 
OCF set) and then writing to the Output Com- 
pare Register ($OB or $0C), or by RES. 

Input Capture Flag. ICF is set to indicate a 
proper level transition; it is cleared by reading 
the TCSR (with ICF set) and then the Input 
Capture Register High Byte ($0D), or by RES. 


Bit 1 IEDG 


Bit 2 ETOI 





Bit 3 EOCI 





Bit 4 EICI 





Bit 5 TOF 


Bit 6 OFC 


Bit 7 ICF 


= SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full-duplex asynchronous Serial Communications Interface 
(SCI) is provided with a data format and a variety of rates. The 
SCI transmitter and receiver are functionally independent, but 
use the same data format and bit rate. Serial data format is 
standard mark/space (NRZ) and provides one start bit, eight 
data bits, and one stop bit. ‘Baud’ and “bit rate” are used 
synonymously in the following description. 


@ Wake-Up Feature 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of ten consecutive 1’s or 
by RES. Software must provide for the required idle string 
between consecutive messages and prevent it within messages. 


® Programmable Options 
The following features of the SCI are programmable: 
format: Standard mark/space (NRZ) 


* clock: external or internal bit rate clock 

+ Baud (or bit rate): one of 4 per E-clock frequency, or ex- 
ternal bit rate (X8) input 

+ wake-up feature: enabled or disabled 

* interrupt requests: enabled individually for transmitter 
and receiver 

+ clock output: internal bit rate clock enabled or disabled 
to P22 

* Port 2 (bit 3, 4): dedicated or not dedicated to serial 1/O 
individually for transmitter and receiver. 


@ Serial Communications Registers 

The Serial Communications Interface includes four addres- 
sable registers as depicted in Figure 25. It is controlled by the 
Rate and Mode Control Register and the Transmit/Receive Con- 
trol and Status Register. Data is transmitted and received utiliz- 
ing a write-only Transmit Register and a read-only Receive 
Register. The shift registers are not accessible to software. 


Bit 7 Rate and Mode Control Register Bit 0 


PD [x [x [et Joe] i]s] 


Transmit/Receive Control and Status Register 


roneppereirone| vc] ne | ne} re | wu jas 


Receive Data Register 





Transmit Data Register 


Figure 25 SCI Registers 


Rate and Mode Control Register (RMCR) ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P,.. The register consists of four write-only 
bits which are cleared by RES. The two least significant bits 
control the bit rate of the internal clock and the remaining two 
bits control the format and clock source. 


Rate and Mode Control Register (RMCR) 


7 6 5 4 3 2 1 0 
CTT Ti [ [=] 2 
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Bit 1: BitO SS1: SSO Speed Select. These two bits select the and a preamble of nine consecutive 1’s is trans- 
Baud when using the internal clock. Four rates mitted. TE is cleared by RES. — 
may be selected which are a function of the MCU Bit 2 TIE Transmit Interrupt Enable. When set, an IRQ, 
input frequency. Table 6 lists bit time and rates interrupt is enabled when TDRE is set; when 
for three selected MCU frequencies. clear, the interrupt is inhibited. TE is cleared by 

Bit 3: Bit2 CC1:CCO Clock Control Select. These two bits RES. 
select the serial clock source. If CC1 is set, the Bit 3 RE Receive Enable. When set, P23’s DDR bit is 
DDR value for P,, is forced to the complement cleared, cannot be changed, and will remain clear 
of CCO and cannot be altered until CC1 is if RE is subsequently cleared. While RE is set, 
cleared. If CC1 is cleared after having been set, the SCI receiver is enabled. RE is cleared by 
its DDR value is unchanged. Table 7 defines the RES. a 
clock source, and use of P,4. Bit 4 RIE Receiver Interrupt Enable. When set, an IRQ, 

If both CCi and CCO are set, an external TTL compatible interrupt is enabled when RDRF and/or ORFE is 
clock must be connected to P22 at eight times (8X) the desired set; when clear, the interrupt is inhibited. RIE is 
bit rate, but not greater than E, with a duty cycle of 50% (+ cleared by RES. 

10%). If CC1:CCO = 10, the internal bit rate clock is provided at BitS TDRE Transmit Data Register Empty. TDRE is set 

P.. regardless of the values for TE or RE. when the Transmit Data Register is transferred to 

(Note) The source of SCI internal bit rate clock is the timer’s free run- the output serial shift register or by RES. It is 

ning counter. An MPU write to the counter can disturb serial cleared by reading the TRCSR (with TDRE set) 
operations. and then writing to the Transmit Data Register. 
Additional data will be transmitted only if TDRE 

Transmit/Receive Control and Status Register (TRCSR) ($11) has been cleared. 

The Transmit/Receive Control and Status Register controls Bit6 ORFE Overrun Framing Error. If set, ORFE indicates 
the transmitter, receiver, wake-up feature, and two individual either an overrun or framing error. An overrun is 
interrupts and monitors the status of serial operations. All eight a new byte ready to transfer to the Receiver Data 
bits are readable while bits 0 to 4 are also writable. The register Register with RDRF still set. A receiver framing 
is initialized to $20 by RES. error has occurred when the byte boundaries of 

the bit stream are not synchronized to the bit 
Transmit/Receive Control and Status Register (TRCSR) counter. An overrun can be distinguished from a 


framing error by the value of RDRF: if RDRF is 
set, then an overrun has occurred; otherwise a 


7 6 5 4 3 2 1 0 
Ronorrefrore| aie | Re | THe | TE | WU $0011 framing error has been detected. Data is not 
transferred to the Receive Data Register in an 


overrun or framing error condition. ORFE is 





Bit O WU “Wake-up” on Idle Line. When set, WU enables cleared by reading the TRCSR (with ORFE set) 
the wake-up function; it is cleared by ten con- then the Receive Data Register, or by RES. 
secutive 1’s or by RES. WU will not set if the line Bit 7 RDRF Receive Data Register Full. RDRF is set when 
is idle. the input serial shift register is transferred to the 

Bit 1 TE Transmit Enable. When set, P,, DDR bit is set, Receive Data Register. It is cleared by reading 
cannot be changed, and will remain set if TE is the TRCSR (with RDRF set), and then the Re- 
subsequently cleared. When TE is changed from ceive Data Register, or by RES. 


clear to set, the transmitter is connected to Py, 


Table 6 SCI Bit Times and Rates 








2.4576 MHz 

















614.4 kHz 
0 0 26 us/38,400 Baud 16 yus/62,500 Baud 
0 1 208us/4,800 Baud 128ys/7812.5 Baud 
1 0 1.67ms/600 Baud 1.024ms/976.6 Baud 
1 1 6.67ms/150 Baud 4.096ms/244.1 Baud 





Table 7 SCI Format and Clock Source Control 


Clock Source Port 2 Bit 2 Port 2 Bit 3 









cc1: CCO Port 2 Bit 4 















0 1 Internal Not Used 
1 0 Internal Output* oe 
1 1 External Input 





* Clock output is available regardless of values for bits RE and TE. 
** Bit 3 is used for serial input if RE = ‘'1" in TRCS; bit 4 is used for serial output if TE = “'1"’ in TRCS. 
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® internally Generated Cicok 
If the user wishes for the serial I/O to furnish a clock, the fol- 
lowing requirements are applicable: 
+ the values of RE and TE are immaterial. 
CC1,CCO must be set to 10 
+ the maximum clock rate will be E+ 16. 
* the clock will be at 1X the bit rate and wil! have a rising 
edge at mid-bit. 


® Externally Generated Clock 
If the user wishes to provide an external clock for the serial 
1/0, the following requirements are applicable: 
+ the CCI, CCO, field in the Rate and Mode Control Re- 
gister must be set to 11, 
the external clock must be set to 8 times (X8) the desired 
baud rate and 
* the maximum external clock frequency is 1.0 MHz. 


@ Serial Operations 

The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the Transmit/Re- 
ceive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit operations 

The transmit operation is enabled by TE in the Transmit/Re- 
ceive Control and Status Register. When TE is set, the output of 
the transmit serial shift register is connected to P,,4 and the 
serial output by first transmitting to a ten-bit preamble of 1’s. 
Following the preamble, internal synchronization is established 
and the transmitter section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a con- 
tinuous string of ones will be sent indicating an idle line, 
or, 

2) if a byte has been written to the Transmit Data Register 
(TDRE = 0), it is transferred to the output serial shift reg- 
ister and transmission will begin. 

During the transfer itself, the start bit (0) is first transmitted. 





Then the 8 data bits (beginning with bit 0) followed by the stop 
bit (1), are transmitted. When the Transmitter Data Register has 
been emptied, the TDRE flag bit is set. 

If the MCU fails to respond to the flag within the pro- 
per time, (TDRE is still set when the next normal transfer from 
the parallel data register to the serial output register should 
occur) then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data is supplied to the data 
register. No 0’s will be sent while TDRE remains a 1. 


Receive Operations 

The receive operation is enabled by RE which configures 
P,,. The receive operation is controled by the contents of the 
Transmit/Receive Control and Status Register and the Rate and 
Mode Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and ORFE is set. If the tenth bit is a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set, indicating an over-run has occurred. When the 
MCU responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cieared. 


® INSTRUCTION SET 

The HD68P01 is upward source and object code compatible 
with the HD6800. Execution times of key instructions have 
been reduced and several new instructions have been added, 
including hardware multiply. A list of new operations added 
to the HD6800 instruction set is shown in Table 8. 

In addition, two new special opcodes, 4E and 5E, are provid- 
ed for test purposes. These opcodes force the Program Counter 
to increment like a 16-bit counter, causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 


Table 8 New Instructions 


Instruction Description 

ABX Unsigned addition of Accumulator B to Index Register 

ADDD Adds (without carry ) the double accumulator to memory and leaves the sum in the double accumulator 

ASLD Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 
BRN Branch Never 

LDD Loads double accumulator from memory 

LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 
MUL Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

PSHX Pushes the Index Register to stack 

PULX Pulls the Index Register from stack 

STD Stores the double accumulator to memory 

SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
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@ Programming Model 

A programming model for the HD68P01 is shown in Figure 
10. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are defined as follows: 


Program Counter 
The program counter is a 16-bit register which always points 
to the next instruction. 


Stack Pointer 

The stack pointer is a 16-bit register which contains the ad- 
dress of the next available location in a pushdown/pullup 
(LIFO) queue. The stack resides in random access memory at a 
location defined by the programmer. 


Index Register 

The Index Register is a 16-bit register which can be used to 
store data or provide an address for the indexed mode of 
addressing. 


Accumulators 

The MCU contains two 8-bit accumulators, A and B, which 
are used to store operands and results from the arithmetic logic 
unit (ALU). They can also be concatenated and referred to as 
the D (double) accumulator. 


Condition Code Registers 

The condition code register indicates the results of an in- 
struction and includes the following five condition bits: Nega- 
tive (N), Zero (Z), Overflow (V), Carry/Borrow from MSB (C), 
and Half Carry from bit 3 (H). These bits are testable by the 
conditional branch instruction. Bit 4 is the interrupt mask 
(I-bit) and inhibits all maskable interrupts when set. The two 
unused bits, b6 and b7 are read as ones. 
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@ Addressing Modes 

The MCU provides six addressing modes which can be used 
to reference memory. A summary of addressing modes for all 
instructions is presented in Table 9, 10, 11, and 12 where execu- 
tion times are provided in E-cycles. Instruction execution times 
are summarized in Table 13. With an input frequency of 4 MHz, 
E-cycles are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown in 
Figure 26. 


Immediate Addressing 

The operand or ‘“‘immediate byte(s)” is contained in the fol- 
lowing byte(s) of the instruction where the number of bytes 
matches the size of the register. These are two or three byte 
instructions. 


Direct Addressing 

The least significant byte of the operand address is contained 
in the second byte of the instruction and the most significant 
byte is assumed to be $00. Direct addressing allows the user to 
access $00 through $FF using two byte instructions and execu- 
tion time is reduced by eliminating the additional memory ac- 
cess. In most applications, the 256-byte area is reserved for 
frequently referenced data. 


Extended Addressing 
The second and third bytes of the instruction contain the ab- 
solute address of the operand. These are three byte instructions. 


Indexed Addressing 

The unsigned offset contained in the second byte of the in- 
struction is added with carry to the Index Register and used to 
reference memory without changing the Index Register. These 
are two byte instructions. 


Table9 Index Register and Stack Manipulation Instructions 


Cond. Code Reg. 






























































: P Boolean/ 
Pointer Operations Mnemonic Immed Direct index Extend Implied Aviihmatic Opaation- (Is la ls 21 5 
op|~|#|op|~|#|op[~]#/op|~]#joPr|~ |# IH] TIN |z{[vic 
Compare Index Reg CPX 8C }4/319C |5]2 {AC 2/BC|}6/3 X—M:M+1 ele ;titit |? 
+--+. ++. —+—+ +——+ Ss Dae SE 
Decrement Index Reg DEX | : 09 }3/1 |xX-1>X elejeitielje 
Decrement Stack Pntr DES Zc A ep ee | | 34 13 iG |sP — 1—> SP [s |e @eljeleie 
Increment Index Reg INX 08 |3/1 |X+1—>xX elele|tiele 
1 _ t =f 
Increment Stack Potr | INS I { { i 4 134 3 1 |SP +1 SP je elelelele 
Load Index Reg LDX CE|3)/3|DE|/4)2 |EE FE|5/3 |_[M> XH. (M+1)> X__ | ej t]+ [Rl 
Load Stack Pntr { LDS {8E | 3|3 ,9E | 4/2 |AE 2/BE;5 3 | a M-— SPy,(M+1)>SPL_ |e al tit [Rie 
Store index Reg STX DF |4{2 |EF 2|FFI5;3 i Xy>M, XU (M+ 1) |e ei t|tiRie 
—< 
Store Stack Pntr STS OF }4)2 | AF 2 | BF 5 | 3 |} | | [SPH > M, SPL > (M+ 1) |° ei titiRie 
zm cores T 
Index Reg — Stack Pntr; TXS 35 |3]/1 |x -1—7 SP a0 eleleje 
Stack Pntr— Index Rea} TSX A ‘| | | 30 | 3 }1_|sP +1>X elelelelele 
Add | asx 3A/3|1 |B+xX—>X elelelelele 
Push Data PSHX 3c |4]1 |xX_—>Mgp,SP-1—~SP |elelelelele 
XH7 Mcp, SP -1— SP 
tt J cle i oes sls oo) Ce oe 
Pull Data T PULX 38 [5 ]1 /SP+1—>SP,Mgp>Xy |e lelelelele 
SP +1 SP, Mgp> XL 























The Condition Code Register notes are listed after Table 12. 
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Implied Addressing 


The operand(s) are registers and no memory reference is 


required. These are single byte instructions. 


Relative Addressing 





the branch condition is true, the Program Counter is overwritten 


with the sum of a signed single byte displacement in the second 


byte of the instruction and the current Program Counter. This 
provides a branch range of —126 to 129 bytes from the first 
byte of the instruction. These are two byte instructions. 


Relative addressing is used only for branch instructions. If 


Accumulator and 
Memory Operations 


Add Acmitrs 
Add B to X 
Add with Carry 
Add 


Add Double 
And 


Shift Left, Arithmetic 


Shift Left Dbl 
Shift Right, Arithmetic 


Bit Test 


Compare Acmitrs 


Clear 


Compare 


Table 10 Accumulator and Memory Instructions 




































































































































1's Complement 


Decimal Adj, A 
Decrement 


Exclusive OR 


Increment 


Load Acmitrs 


Load Double 
Logical Shift, Left 


Shift Right, Logical 
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Direct : Cond. Code Reg. 
womens fore [a eee feta] ect Beeson rin tuts 
| asa | | | tC pea ee fas 

asx | | | | tit ttt tT fsals[ife+xsx [ele [ele fo [o 
| adca [89 [2 {2 [99 |3 [2 | ao [4 |2 | 89 [4 [3 tle [4 [+ [4 [4 
ADCB pg |3 |2 | e9 [4/2] F9 [4/3 B+M+C—>B tle leis it {+ 
9B |3 |2 | AB, Sales A+M>A It le |t [+ [+ [+ 
|2 [0B |3 [2 | ee [4 | B+M—>A tle [+ {+ ]t[+ 
[3 [03 {5 |2 | 3 [6 | ou [O+MM+i>d [ele (tit [tt 
[2 [Aa [4 [2 | 84 | le |e [t/t [R [eo 
3 | F4 [4 | le it |¢ |R Jo 
= : an 
ASLA tit itit 
ASLE ele [ete lel 
S Seth 
Pe Be eaca Sette 
47 |2|1 tit {tlt 
mae eleletiels 
‘fa[ | fam ele [tale 
BITB 4 | B:M le [tt [Rie 
CBA 114 [2/1] A-8 lo feltititls 
CLR 6|3/| | 00->M ese Se 
| CLRA | | | far f2[1]{oo+a je | R 
oF [2 |1 | 00-8 le [* [R[s [R[R 
3 A-M ele (tit [tlt 
CMPB 3 | [e-M le fe [t[t it ]t 
COM 3 | | [Mom ele (tit (ris 
| coma | | | a | | }43 |2]1 [Asa ele it{tiris 
| come | | | | [53 |2]1| 58 le fe [t/t [RIS 
= 4 a 19 1211 | Adj binary sum to BCD e le 4 | t ¢ 
DEC i, oi aati 7A [6 [3 | [M-1>M elelt{title 
ea a q 4A|211|A-13A lo le(t {title 
eee ae | | jsal2 |i [e-i>8 ae t {te 
[2 [ee [4 [3 | [A@M=A ele |t[t [Rie 
corRB |cs{[2|2/08 Se beat 2/F8 aa _| |[8@mMs>B efi feats 
| inc §=6[ {| | | | [ [ec [6/2 {7c fe [3 M+1>M eltititle 
Pinca [| TT tT TET TTT facia fi[atisca fe fet itl te 
| inca | TT | cP TT TT [se [2 [1 [+18 le jo |t [4 [4 [e 
[| tpaa [86 |2{2[96|3/2[ael4i2[e6i4[3| | | [moa sw fo [t/t [Re 
| toas [ce /2|2/ 06 [3 [2/6 |4j2[Fej4[3| | | [Mos ele it |t iRle 
| upo —[ec{3{3[oci4[2fec(s[2[rcis/3{ | | [mm+i>o fe fo [t/t[R[e 
; tse | | | | CC ee [6 [2 | 78 |e [3 fat) oo EH $ 
pusca | | ty ti] y Tt] Tf fasi2hs fe [et [t[¢[t 
pusce {| | it [tt Tet Ty fssieist fe fo [tie [ttt 
ps tate eee so 4 
| {| | _[eafe{2{74{e{3/ | | | = sdf fe [tt 
fp usrea | TTT TT] tT Tt TY fas fete Jo [Rt [8 
| usrpB | | | | TUT |] TT |] fea fete Jo ft tt 
ptsro ] TTT Tit Ett ey fos ish Te tein tits 
(Continued) 
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Table 10 Accumulator and Memory Instructions (Continued) 


Memory Operations Lop |~ | # | op |~ |# or ~ | #|op |~ | # Jor |~ | #| rain EAA c 

































































































Multiply moe | ot TT TT TT so ftofsfaxeso OE 
2's Complement Pes Se ee aeleleielat of cleewem eels lets ¢ 
nee | Neca {| { [Tt Tit tT tt tt faofafifoo-asa fefe(tititts 
| nega [| [i]t Tit Tit [| fsofz{ifoo-e+e  fefe lei tielt 
No Operation p-Nop_ {| Tit} ty tT tt | ff fotl2ti[pceisec ele jolelele 
Inclusive OR ORAA |8A|2 Be Ee BA |4 [3 |. A+M>A lelelt(tinfe 
onAB |CA/2 [2 | pa[3 [2 [Ea la [2 3 B+M—>B je | t [R |e 
Push Data Bae ee |= 3 {1 | A-Stack ee eje 
PSHB Rea me | ae - 3 |1 | B-Stack e\e e\ele 
Pull Data PULA tH+++— +++} ii 4 |1 | Stack >A je |e @je jeje 
PULB ee eal dies aki | 4/1 | Stack >B e aol e je je e 
Rotate Left | | (69 |6|2|79 6 leoleititit(t 
ROLA fer a ai 49 [2[1[- ele it {t [t {+ 

- ses Ee Fc 
Rovp | | i 59 |2|1 elo (t {tlt {4 
Rotate Right ROR T_ [J fee lel2|7eje/3; | | ole ltititit 
~ ~ 46 |2 |1 ele |t it |tlt 
RORB he] 56 |2 |1 ele ltit{t{+ 
Subtract Acmitr SBR le lee PD len Pa) e140. (2 a aoa ea fe fo [4 [t [¢|4 
Subtract with Carry sBcA _|82 [2 [2 [92 [3 [2 [a2 [4 [2 | 82 [4 [3 A-M-C-A ele : 
3 4 3 elo tlt lt lt 
Store Acmitrs 3 ele itit |Rie 
4 | 3 eje i+ |4 |R e 
ejeititiRie 
Subtract eje ttt t 
ejeltititit 
Subtract Double ejelitititit 
Transfer Acmitr ° GEE Rie. 
e\e i+ (t [rR e 
Test, Zero or Minus ejeititirir 
ele i/+]tiriR 
le fe it | 4 [alr 


























The Condition Code Register notes are listed after Table 12. 
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Table 11. Jump and Branch Instructions 


Relative 


Cond. Code Reg. 





















































Operations Mnemonic Branch Test 15 {4{3]/2]1 | QO 

Lop |~ |#] op [~| #/ op |~ | #] op |~ | #] op |~ | # [H [1 [w[z [vc 

Branch Always BRA Ee je |e |e |e |e 
Branch Never [ef ef ee ee : 
Branch IfCarry Clear | acc | | [ [24 [3f2) [| | | tT Tt | | feso fe Jojo [o fo [o 
Branch If Carry Set BCS ~4[- peep tp (a : 
Branch If = Zero BEQ et 2 ee Cae 
Branch If > Zero BGE esp fe ee ®v=0 fe je |e |e je | hd 
Branch If > Zero BGT ef 2E |3 42 Ea Z+(N@ V)= fe je [e Je fe | . 
Branch If Higher = 22 [3 [2 OEP fever ee . 
Branch If Higher or Same | BHS 24 [3/2 [c=-0  =———sde fo fe le [ole 
Branch If < Zero pce} | | [ar (aizt | | | Tt TT | [z+m@vens [eee [ole lo 
Branch If Carry Set sco | | | [2s [3 [2 | [| {je=1 ie fo Jo fo fo fo 
Branch If Lower Or Same BLS ee th 2 | ——| C+2Z=1 je [e le |e |e] . 
Branch If < Zero BLT 20 [3 |2 N 2 vet |e [e |e [e [ee 
Branch If Minus emi | | {| ze (sta; fT | | TdT dT ht dT [N= ee lele eis 
Branch If Not Equal Zero Sal CGA : 
Branch If Overflow Clear BVC mo RT ft V=0 fe fe [ele [e| od 
Branch !f Overflow Set BVS | | jaa i3f2]; 7 {| Y | [| ved fe je [elo fe . 
Branch If Plus pepe TT Tc faatst2t TTT TTT Tt Le Je |e |e |e |e 
Branch To Subroutine BSR | | | [so] 6 |2 rheesto—— . . fe [eo [oe [eo fo] al 
jump JMP eae 3{2{7el3[3|__| | pee Sberiel Operations Ty Te |e |e [e |e 
Jump To Subroutine JSR aoeeee 16 | 2|}BD)6 /3 [| fe |e [ele le) e 
No Operation a Sas eee ee ee ee en 
Return From inerrant | ATI _| | F|-1} > |] [J [38 ho] i 
Return From Subroutine RTS opp fe Md ents Woltiee | [39 {5 |1 | See Special Operations bd 
Software Interrupt sw ke 1 { [ | | [| | [3e fr2}a ]f Figure 26 F 
e 


Wait For Interrupt 


The Condition Code Register notes are listed after Table 12. 
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Table 12 Condition Code Register Manipulation Instructions 











Operations 


Clear Carry 











Clear Interrupt Mask 
Clear Overflow 









# 
oc |} 2 
E | 2 





nN 












Set Carry 
Set Interrupt Mask 
Set Overflow 


























Accumulator A + CCR 











CCR > Accumulator A 


LEGEND 
OP Operation Code (Hexadecimal) 
~ Number of MPU Cycles 
Msp Contents of memory location pointed to by Stack Pointer 


# Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 
Boolean AND 
Arithmetic Multiply 
Boolean Inclusive OR 
Boolean Exclusive OR 
Complement of M 
Transfer Into 

Bit = Zero 

O Byte = Zero 


+ 
e 
xX 
+ 

@ 
M 
~ 

0 

0 
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NDITION CODE SYMBOLS 
Haif-carry from bit 3 
Interrupt mask 

Negative (sign bit) 

Zero (byte) 

Overflow, 2's comptement 
Carry/Borrow from MSB 
Reset Always 

Set Always 

Affected 

Not Affected 
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Table 13 Instruction Execution Times in E-Cycles 
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= SUMMARY OF CYCLE BY CYCLE OPERATION 

Table 14 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with expected 
results during debug to both software and hardware as the 
program is executed. The information is categorized in groups 
according to addressing mode and number of cycles per instruc- 


tion. In general, instructions with the same addressing mode 
and number of cycles execute in the same manner. Exceptions 
are indicated in the table. 

Note that: during MPU reads of internal locations, the result- 
ant value will not appear on the external Data Bus except in 
Mode 0. “High order” byte refers to the most significant byte 
of a 16-bit value. 


Table 14 Cycle by Cycle Operation 


Address Mode & Cycle RAW 
Instructions Address Bus . Data Bus 


IMMEDIATE 








ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


Op Code Address 


Op Code Address 








Op Code Address 
SUBD 





Address Bus FF FF 















Op Code Address + 1 





Op Code Address + 1 
Op Code Address + 2 





Op Code 
Operand Data 














Op Code 
Operand Data (High Order Byte} 
Operand Data (Low Order Byte) 





Op Code Address + 1 
Op Code Address + 2 






Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


























DIRECT 

ADC EOR 1 Op Code Address 1 Op Code 

ADD LDA 2 Op Code Address + 1 1 Address of Operand 

AND ORA 3 Address of Operand 1 Operand Data 

BIT SBC 

CMP SUB 

_ STA 3 1 Op Code Address 1 Op Code 

2 Op Code Address + 1 1 Destination Address 
3 Destination Address 0 Data from Accumulator 

LDS 4 1 Op Code Address 1 Op Code 

LOX 2 Op Code Address + 1 1 Address of Operand 

LDD 3 Address of Operand 1 Operand Data (High Order Byte) 
4 Operand Address + 1 1 Operand Data (Low Order Byte) 

STS 4 1 Op Code Address 1 Op Code 

STX 2 Op Code Address + 1 1 Address of Operand 

STD 3 Address of Operand 0 Register Data (High Order Byte) 
4 Address of Operand + 1 0 Register Data (Low Order Byte) 

CPX 5 1 Op Code Address Op Code 

SUBD 2 Op Code Address + 1 Address of Operand 

ADDD 3 Operand Address Operand Data (High Order Byte) 
4 Operand Address + 1 Operand Data (Low Order Byte) 
5 Address Bus FFFF Low Byte of Restart Vector 

JSR 5 Op Code Address Op Code 

Op Code Address + 1 Irrelevant Data 


Subroutine Address 
Stack Pointer 
Stack Pointer + 1 





First Subroutine Op Code 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 
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Table 14 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle R/W 
lastructons Cycles Address Bus line Data Bus 
EXTENDED 
JMP 3 Op Code Address 1 Op Code 


1 
2 Op Code Address + 1 


1 


Jump Address (High Order Byte) 














3 Op Code Address + 2 1 Jump Address (Low Order Byte) 
ADC EOR 4 1 Op Code Address TT 1 Op Code 
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte) 
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
BIT SBC 4 Address of Operand 1 Operand Data 
CMP SUB 

eee 

STA 4 Op Code Address Op Code 


Op Code Address + 1 
Op Code Address + 2 


WN 





Operand Destination Address 











Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 








= | a ot ae o-en = 






















































LDS 5 1 Op Code Address Op Code 
LDX 2 Op Code Address + 1 Address of Operand (High Order Byte) 
LDD 3 Op Code Address + 2 Address of Operand (Low Order Byte) 
4 Address of Operand Operand Data (High Order Byte) 
5 Address of Operand + 1 Operand Data (Low Order Byte) 
STS 5 1 Op Code Address Op Code 
STX 2 Op Code Address + 1 1 Address of Operand (High Order Byte) 
STD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
4 Address of Operand 0 Operand Data (High Order Byte) 
5 Address of Operand + 1 0 __|Operand Data (Low Order Byte) 
ASL LSR 6 1 Op Code Address 1 Op Code 
ASR NEG 2 Op Code Address + 1 1 Address of Operand (High Order Byte) 
CLR ROL 3 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
COM ROR 4 Address of Operand 1 Current Operand Data 
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector 
INC 6 Address of Operand 0 New Operand Data 
1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Operand Address (High Order Byte} 
3 Op Code Address + 2 1 Operand Address (Low Order Byte) 
4 Operand Address 1 Operand Data (High Order Byte) 
5 Operand Address + 1 1 Operand Data (Low Order Byte) 
6 Address Bus FFFF | 1 Low Byte of Restart Vector 
1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Address of Subroutine (High Order Byte) 
3 Op Code Address + 2 1 Address of Subroutine (Low Order Byte) 
4 Subroutine Starting Address 1 Op Code of Next Instruction 
5 Stack Pointer 0 Return Address (Low Order Byte) 
6 Stack Pointer - 1 0 Return Address (High Order Byte) 




















* In the TST instruction, the line condition of the sixth cycle does the following: R/W = “‘High’’, AB = FFFF, DB = Low Byte of Reset Vector. 
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Address Mode & 
Instructions 


INDEXED 








ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


STA 





Table 14 Cycle by Cycle Operation (Continued) 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 

Index Register Plus Offset 


PWD —1WKRD — 


1 Op Code Address 

2 Op Code Address + 1 
3 Address Bus FF FF 
4 

1 





Cycle RWW 










SN Se ee ee ee 


Data Bus 


Op Code 
Offset 
Low Byte of Restart Vector 


Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data 


cre nS CaS Se ear a, 
Op Code 


Offset 
Low Byte of Restart Vector 








Index Register Plus Offset Operand Data 
LDS 5 | Op Code Address Op Code 
LDX 
LDD 


STS 
STX 
STD 


ASL LSR 

ASR NEG 

CLR ROL 
COM ROR 
DEC TST * 
INC 


CPX 
SUBD 
ADDD 


JSR 

















Op Code Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


2 

3 

4 

5 

1 Op Code Address 

2 Op Code Address + 1 
3 Address Bus FF FF 

4 Index Register Plus Offset 
5 

1 

2 

3 

4 

5 

6 





Index Register Plus Offset + 1 


Op Code Address 

Op Code Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FF FF 

Index Register Plus Offset 


Op Code Address 

Op Code Address + 1 
Address Bus FF FF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FF FF 


1 Op Code Address 

2 Op Code Address + 1 
3 Address Bus FF FF 
4 
5 








Index Register + Offset 
Stack Pointer 
6 Stack Pointer - 1 








oe eS =@ SBS S| (O00 =&@ a j= a eS S| 2 10 - = 





Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 

Offset 

Low Byte of Restart Vector 

First Subroutine Op Code 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 








* In the TST instruction, the line condition of the sixth cycle does the following: R/W = ‘“‘High”, AB = FFFF, DB = Low Byte of Reset Vector. 
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Table 14 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle R/W 
itu Address Bu te Data Bus 
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IMPLIED 
ABA DAA SEC Op Code Address Op Code 
ASL DEC SEI Op Code Address + 1 Op Code of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLt NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 
ABX 3 1 Op Code Address Op Code 
2 Op Code Address + 1 trrelevant Data 
3 Address Bus FF FF Low Byte of Restart Vector 
ASLD 3 1 Op Code Address Op Code 
LSRD 2 Op Code Address + 1 Irrelevant Data 
3 Address Bus FF FF Low Byte of Restart Vector 
DES 3 1 Op Code Address Op Code 
INS az 2 Op Code Address + 1 ce Op Code of Next Instruction 
3 Previous Register Contents Irrelevant Data 
INX 3 1 Op Code Address Op Code 
DEX 2 Op Code Address + 1 Op Code of Next Instruction 
30 Address Bus FFFF Low Byte of Restart Vector 
PSHA 1 Op Code Address Op Code 
PSHB 2 Op Code Address + 1 Op Code of Next Instruction 
3 Stack Pointer Accumulator Data 
TSX 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Stack Pointer 1 Irrelevant Data 
TXS 1 Op Code Address Op Code 
2 Op Code Address + 1 Op Code of Next Instruction 
3 Address Bus FFFF Low Byte of Restart Vector 
PULA 4 1 Op Code Address Op Code 
PULB 2 Op Code Address + 1 Op Code of Next Instruction 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer + 1 Operand Data from Stack 
PSHX 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Index Register (Low Order Byte) 
4 Stack Pointer + 1 0 Index Register (High Order Byte) 
PULX 1 Op Code Address Op Code 
2 Op Code Address + 1. Irrelevant Data 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer + 1 Index Register (High Order Byte) 
5 Stack Pointer +2 Index Register (Low Order Byte) 
RTS 1 Op Code Address Op Code 
2 Op Code Address + 1 Irrelevant Data 
3 Stack Pointer Irrelevant Data 
4 Stack Pointer + 1 Address of Next Instruction 
(High Order Byte) 
5 Stack Pointer + 2 Address of Next Instruction 
(Low Order Byte) 


(Continued) 
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Table 14 Cycle by Cycle Operation (Continued) 


ne R/ W 


Address Mode & 
Instruction 


WAI ** 


PWN 


MUL 


= 
PWN ACODNO OAPWNH | OOn OG 


RTI 


10 


SWI 


WN 


—“~OOo0Owyoan 


a) 


eo eo ~ Oo on 





Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 


Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 





Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FFFF 
Address Bus FF FF 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 


Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 


Vector Address FFFB (Hex) 








oo;-- 


-—ae oa oe 2 ow oon no or = | OOO OC O 


oo-— 


- - OCo0o°c0 oO 








Data Bus 


Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address 

(High Order Byte) 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

irrelevant Data 

Contents of Cond. Code Reg. 
from Stack 

Contents of Accumulator B 
from Stack 

Contents of Accumulator A 
from Stack 

Index Register from Stack 
(High Order Byte) 

Index Register from Stack 
(Low Order Byte) 

Next Instruction Address from 
Stack (High Order Byte) 

Next Instruction Address from 


Stack (Low Order Byte) 


Op Code 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address 

(High Order Byte) 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 


** While the MCU is in the ‘‘Wait’’ state, its bus state will appear as a series of the MCU reads of an address which is seven locations 
less than the original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance 


state by a WA! instruction. 


@ HITACHI 


(Continued) 


HD68P01S0,HD68P01V05,HD68P01V07,HD68P01MO 


Table 14 Cycle by Cycle Operation (Continued) 


Address Mode & Cycle | R/W 
RELATIVE 
BCC BHT BNE BLO Op Code Address Op Code 





BCS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 
BGT BMT BVS 


BSR 






Stack Pointer 


@ SUMMARY OF UNDEFINED INSTRUCTIONS OPERA- 
TION 
The MCU has 36 undefined instructions. When these are 
carried out, the contents of Register and Memory in MPU 
change at random. 









Op Code Address + 1 
Address Bus FF FF 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
Subroutine Starting Address 


Stack Pointer — 1 





Branch Offset 
Low Byte of Restart Vector 




















Op Code 
Branch Offset 
Low Byte of Restart Vector 
Op Code of Next Instruction 
Return Address (Low Order Byte} 
Return Address (High Order Byte) 


When the op codes (4E, SE) are used to execute, the MPU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 


Table 15 Op Codes Map 








HD68P01 MICROCOMPUTER INSTRUCTIONS 

























ACCA or SP 












































| Oo 

ete 

| 2 | 

Een! 

| 4 | AND 

| 6 | TAP |TAB|BNE| PSHA ROR LDA 6 | 

ee oe ASR == stA 4 a ee 

Pa Tinx ey fave [Putx 42) ra 

Ta [DEX (+1) [DAA AVS | ATS (+2) Bi 

rap cw | [er val 

| 8 | sev [asalemi| ati i+7) | ADD [8 

pe | cic | “Jece|psHx(en| inc | tt cx tea) Ts tet) 

fo [me [Zon en] rT 

pe [cu | -“Ject | wai (+6) | ** 

pF [ser | [ece| swe) | cur ty] sts) [ser] stx G0) | 
27 


(NOTES) 1 : Undefined Op codes are marked with |_——_]. 


) indicate that the number in parenthesis must be added to the cycle count for that instruction. 
3. The instructions shown below are all 3 bytes and are marked with “‘*"’. 
ge ence oe mode of SUBD, CPX, LDS, ADDD, LDD and LDxX instructions, and undefined op codes 
8F,CO,CF). 
4. The Op codes (4E, 5E) are 1 byte/eo cycles instructions, and are marked with “**"’. 


@ COMPATIBLE WITH THE HD6801S AND THE HD6801V 

In order to be pin compatible with the HD6801S, ROM of 
the HD68P01 must be located at $F800 — $FFFF. Memory ad- 
diesses $EOOO to $F7FF are not usable. The other addresses 
are available same as the HD6801S’s. 


In order to be pin compatible with the HD6801V ROM of 
the HD68P01 must be located at $FOO0O — $FFFF. Memory ad- 
dresses $E000 to $EFFF are not usable. The other addresses 
are available same as the HD6801V’s. 
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JSR, Jump to Subroutine 
Main Program 


Pe $9D = JSR 
RTN [|_Next Main Instr. _| 


K = Direct Address 
Main Program 
$AD = JSR 


K = Offset 


Direct 


INDXD 





Main Program 


$BD =JSR 
SH = Subr. Addr. 
SL = Subr. Addr. 


Next Main Instr. 











EXTND 


RTN 


BSR, Branch to Subroutine 


Main Program 








$8D = BSR 


+K = Offset 


Subroutine 


Pe $39 = RTS > 


Main Program 


een | 


Main Program 
PC $3E = WAI =» 
RTN[ 


Interrupt Program 


= 


RTS, Return from Subroutine 


SWI, Software Interrupt 


PC 
RTN 


WAI, Wait for Interrupt 


RTI, Return from Interrupt 


JMP, Jum 
me Main Program 


$6E = JMP 


X+K Next Instruction 


PC 


INDXD 


Legend: 
RTN 
RTNxY = Most significant byte of Return Address 
RTN_ = Least significant byte of Return Address 
> = Stack Pointer After Execution 
K = 8-bit Unsigned Value 


SP 
——> SP -2 
SP -1 

SP 


SP 
——>SP-2 
SP-1 

sP 


sP 
SP 
SP+1 


——+ SP +2 


SP 
—— SP -7 
SP -6 
SP-5 
SP-4 

SP -3 
SP-2 

SP -1 

sP 


2 |g 
uv Iv 


SP +1 
SP +2 
SP +3 
SP +4 
SsP+5 
SP +6 
——> SP +7 


Extended 


Figure 26 Special Operations 
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Stack 


RTNv 






See 
P— Aemite 


Stack 






Condition Code 


Main Program 


$7E = JMP 
Ky = Next Address 
K, = Next Address 



















= Address of next instruction in Main Program to be executed upon return from subroutine 
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= PRECAUTION TO USE EPROM ON THE PACKAGE 8-BIT 
SINGLE-CHIP MICROCOMPUTER 
As this microcomputer takes a special packaging type with 
pin sockets on its surface, pay attention to the followings; 

(1) Do not apply higher electro-static voltage or serge voltage 
etc. than maximum rating, or it may cause permanent 
damage to the device. 

(2) There are 28 pin sockets on its surface. When using 32k 


Let the index-side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 


2€1 JAPAN 
HO68PO1 VO7 





EPROM (24 pins), let the index-side four pins open. 

(3) When assembling this LSI into user’s system products as 
well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention to the followings to keep the good ohmic 
contact between EPROM pins and pin sockets. 

(a) When soldering on a printed circuit board, etc., keep its 
condition under 250°C within 10 seconds. Over-time/ . 
temperature may cause the bonding solder of socket 
pins to meet and the sockets may drop. 

(b) Keep out detergent or coater from the pin sockets at 
aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 

(c) Avoid the permanent use of this LSI under the ever- 
vibratory place and system. 

(d) Repeating insertion/removal of EPROMs may damage 
the contactivity of the pin sockets, so it is recommend- 
ed to assemble new ones to your system products. 

Ask our sales agent about anything unclear. 
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MIC U(Microcomputer Unit) 


The HD68PO5V is the 8-bit Microcomputer Unit (MCU) 
which contains a CPU, on-chip clock, RAM, I/O and timer. It is 
designed for the user who needs an economical microcomputer 
with the proven capabilities of the HD6800-based instruction 
set. Setting EPROM on the package, this MCU has the equiva- 
lent function as the HD6805U and HD680SV. HD68P0SV0S 
uses HN462532 as EPROM. HD68P05V07 uses HN462732 as 
EPROM. The following are some of the hardware and software 


highlights of the MCU. 

® HARDWARE FEATURES 

@ 8-Bit Architecture 

@ 96 Bytes of RAM 

@ Memory Mapped |/O 

®@ Internal 8-Bit Timer with 7-Bit Prescaler 

@ Vectored Interrupts — External, Timer and Software 
@ 24 1/0 Ports + 8 Input Port 


(8 Lines LED Compatible; 7 Voltage Comparator Inputs) 
On-Chip Clock Circuit 

Master Reset 

Complete Development System Support by Evaluation Kit 
5 Vdc Single Supply 


SOFTWARE FEATURES 

Similar to HD6800 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instructions 

Versatile Interrupt Handing 

Powerful Indexed Addressing for Tabies 
Full Set of Conditional Branches 

Memory Usable as Registers/F lags 

Single Instruction Memory Examine/Change 
10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM and 1/O 
Compatible Instruction Set with HD6805 


Note) EPROM is not included. 
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= PIN ARRANGEMENT (Top View) 


HD68P05V05 





HD68P05V07 
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@ BLOCK DIAGRAM 


XTAL EXTAL RES NUM INT 


Timer/ 
Ti Control 
1/0 Lines 


















s 
Port A 8 A \ 
B 
1/0 Lines CPU Control Oats: (Pore Ce 
Index Dir | Reg 8. 
Register Reg ~ B, 
Ay <-> B, 
A, Condition +> 8, 

















A, Code 

A, Port A] Data 5 Register CC 

A, Reg Dir Port C 

A, Reg Stack opine 

A,<+——+| Pointer 

A, Cc 
Program C, 
























Data Counter Data | Port C j*——* ©, 
Input Lines 5 “High” PCH Dir | Reg eo 
Cc 
é Program Reg > C; 
o Counter <—+ C, 
5 8 “Low” pcL Cc, 
a 
O, ie) 
6 Port D 
ee 6x8 Input Lines 
RAM 
7 D, 
D, 
Address Port D [Zp 
Output Lines Reg. D, 
< D, 
ADR, D, 
ABR. sie 
2 
ADR, 
AOR, 
ADR, 
ADR, 


Address 
Output Lines 


AOR, 
ADR, 
AOR,, 
ADR, , 

CE 
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® ABSOLUTE MAXIMUM RATINGS 








Item Symbol Value . Unit 
Input Voltage (EXCEPT TIMER) 8 Vv 
Input Voltage (TIMER) i V 
Operating Temperature Tox 0 ~+70 °C 
Storage Temperature Tay -55~ +150 °C 


* With respect to Vss (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


@® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc=5.25V + 0.5V, Vgg=GND, Ta=0~+70°C, unless otherwise noted.) 





za [Symbol | Test Condition | min | typ] max] Unit 
Input “High” Voltage | INT Vin | 30°41 -= Veo: 4 V 
AllO | | 20 | - | Vcc |v 
aes CS feos Vv 
|} o6 | v 
roa] v 
Power Dissipation Ws oocyte So ekg cl 700 | mw 


Low Voltage Recover 


TIMER 


Input Leak Current INT 


XTAL (Crystal Mode) 


uA 
LA 
UA 


rise ; 
i 
a 

< 





@ AC CHARACTERISTICS (Vcec=5.25V + 0.5V, Vgg=GND, Ta=0~+70°C, anless otherwise noted.) 





Item Test Condition min | typ Unit 
Clock Frequency MHz 
Cycle Time teye Us 
INT Pulse Width tiwe ns 
RES Pulse Width tawe ns 










TIMER Pulse Width ttwe Po 


C, =22pF+20%, 
Rs=602 max. 


Delay Time Reset trRHL External Cap. = 2.2 uF 


Oscillation Start-up Time (Crystal Mode) tosc 





S 
wn 





Input Capacitance ies——] & »n=OV 
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HD68P05V05,HD68PO5V07 
@ PORT ELECTRICAL CHARACTERISTICS (Vcc = 5.25V + 0.5V, Vsg = GND, Ta = 0 ~ +70°C unless otherwise noted.) 






































































Item Symbol | TestCondition [min | typ [max | Unit 
sr fou = —10HA 3S ee 
lon =—-100 uA 2.4 Vv 
Output “High” Voltage Port B Vou lon = —200 uA 2.4 Vv 
iow = —1mA 15 een ae 
Port C lon = —100 uA 2.4 ; - |v 
Port A and C loc = 1.6 mA - | 04 | ov 
output “Low Voltage [ Vo. [tor=32ma_[ — | - | 04 Jv 
lou = 10 mA - - | 10 [ov 
Input “High” Voltage Port A, B, C, | VIH 2.0 = Vv 
ae ae * 
Input “Low” Voltage | and D Vi 0.3 - | os | v 
Vin = 0.8V —5 - _ A 
Port A Bonwit ROOM gies ee cllede 
input Leak Current Nie Vin = 2V —300 ahs - - LA 
PortB,C, | 
in =0.4V~ Voc — 20 = 20 BA 
and D een = ase ty sat ; at —}—_._— 
Input “High” Voltage | PortD™" Vv - |VrH+02};  — Vv 
p ag (Do ~ De) IH THTY. 
a pf fe —-—— 
Input “Low” Voltage oor 2 Vit - VtH-0.2 — Vv 
(Do ~ De) x 7 io pee 
Threshold Voltage Port D**(D7) ViH ae meee ee 
* Port D as digital input 
** Port D as analog input 
TTL Equiv. (Port B) TTL Equiv. (Port A and C) 
Vee 
1.2k2 2.4k22 





Test Point 


(NOTE) 





Test Point 


1, Load capacitance includes the floating capacitance of thie probe and the jig etc. 


2. All diodes are 182074 @or equivalent. 


Figure 1 Bus Timing Test Loads 


= SIGNAL DESCRIPTION 

The input and output signals for the MCU shown in PIN 
ARRANGEMENT are described in the following paragraphs. 
® Voc and V 

Power is supplied to the MCU using these two pins. Voc 
is +5.25V £0.5V. Vgg is the ground connection. 
@ INT 

This pin provides the capability for applying an external 
interrupt to the MCU Refer to INTERRUPTS for additional 
information. 
@ XTAL and EXTAL 

These pins provide control input for the on-chip clock 
circuit. A crystal (AT cut, 4 MHz maximum) can be connected 
to these pins to provide the internal oscillator with varying 
degrees of stability. Refer to INTERNAL OSCILLATOR 
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for recommendations about these inputs. 


@ TIMER 

This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to TIMER for additional 
information about the timer circuitry. 


@ RES 

This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to RESETS for additional information. 


e NUM 
This pin is not for user application and should be connected 
to ground. 
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@ Input/Output Lines (A, ~ A,, By ~ B,,Cy ~C-,) 

These 24 lines are arranged into three 8-bit ports (A, B and 
C). All lines are programmable as either inputs or outputs under 
software control of the data direction registers. Refer to IN- 
PUTS/OUTPUTS for additional information. 


@ Input Lines (D, ~ D,) 

These are 8bit input lines, which has two functions. Firstly, 
these become TTL compatible inputs, by reading $003 address. 
The other function of them is 7 Voltage comparators, by read- 
ing $007 address. Please refer to INPUT PORT for more detail. 


@ REGISTERS 

The MCU has five registers available to the programmer. 
They are shown in Figure 2 and are explained in the following 
paragraphs. 


7 


°o 


Accumulator 


| 


N 
fo} 


| 


Index Register 


" 0 


"1 5 4 0 
PPTL PL DT] sic rome 
DOanwo Condition Code Register 


Carcy/Borrow 
Zero 

Negative 
Interrupt Mask 


Half Carry 
Figure 2. Programming Model 


@ Accumulator (A) 

The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. 

@ Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit address that may be added 
to an offset value to create an effective address. The index 
register can also be used for limited calculations and data 
manipulations when using read/modify/write instructions. When 
not required by a code sequence being executed, the index 
register can be used as a temporary storage area. 

@ Program Counter (PC) 

The program counter is a 13-bit register that contains the 

address of the next instruction to be executed. 


TIMER Input Pin [> 
TCR bit 4 





, (Internal) 
TCR bit 5 


Clock Input 


Figure 3 
426 


2 


Timer Block Diagram 
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@ Stack Pointer (SP) 

The stack pointer is a 13-bit register that contains the address 
of the next free location on the stack. Initially, the stack point- 
er is set to location $007F and is decremented as data is being 
pushed onto the stack and incremented as data is being pulled 
from the stack. The six most significant bits of the stack pointer 
are permanently set to 00000011. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack pointer is set 
to location $007F. Subroutines and interrupts may be nested 
down to location $0061 which allows the programmer to use up 
to 15 levels of subroutine calls. 
® Condition Code Register (CC) 

The condition code register is a 5-bit register in which each 
bit is used to indicate or flag the results of the instruction just 
executed. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each indi- 
vidual condition code register bit is explained in the following 
paragraphs. 

@ Half Carry (H) 

Used during arithmetic operations (ADD and ADC) to 
indicate that a carry occurred between bits 3 and 4. 

@ Interrupt (1) 

This bit is set to mask the timer and external interrupt (INT).. 
If an interrupt occurs while this bit is set it is latched and will be 
processed as soon as the interrupt bit is reset. 

@ Negative (N) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was negative (bit 7 in result equal to a 
logical one). 

@ Zero (Z) 

Used to indicate that the result of the last arithmetic, logical 
or data manipulation was zero. 
®@ Carry/Borrow (C} 

Used to indicate that a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


= TIMER 

The MCU timer circuitry is shown in Figure 3. The 8-bit 
counter is loaded under program control and counts down to- 
ward zero as scon as the clock input is applied. When the timer 
reaches zero the timer interrupt request bit (bit 7) in the timer 
control register is set. The MCU responds to this interrupt by 
saving the present MCU state in the stack, fetching the timer 
interrupt vector from locations $0FF8 and $OFF9 and execut- 
ing the interrupt routine. The timer interrupt can be masked by 
setting the timer interrupt mask bit (bit 6) in the time control 









Prescaler 





Timer Control Register 
(TCR) 









Prescaler 
Address Bits 


Timer Interrupt Req. 
Timer Interrupt Mask 


Clock Input 
Source Option 





register, The interrupt bit (I bit) in the condition code register 
will also prevent a timer interrupt from being processed. 

The clock input to the timer can be from an external source 
applied to the TIMER input pin or it can be the internal ¢, 
signal, Note that when the $, signal is used as the source it can 
be gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. A 
prescaler option can be applied to the clock input that extends 
the timing interval up to a maximum of 128 counts before being 
applied to the counter. The timer continues to count past zero 
and its present count can be monitored at any time by monitor- 
ing the timer data register. This allows a program to determine 
the length of time since a timer interrupt has occured and not 
disturb the counting process. 

The timer data register is 8-bit read/write register with ad- 
dress $008 on memory-map. This timer data register and the 
prescaler are initialize with all logical ones at reset time. 

The timer interrupt request bit (bit 7 of timer control re- 
gister) is set to one by hardware when timer count reaches zero, 
and is cleared by program or by hardware reset. The bit 6 of 
timer control register is writable by program. Both of those bits 
can be read by MPU. 

The bit 5 and bit 4 of the timer control register is a clock 
input source. The combinations are shown in Table 1. The bit 3 
is not used. The bit 2, bit 1 and bit 0 are used to select a divid- 
ing ratio of the prescaler. The options of the dividing ratio are 
shown in Table 2. An internal clock is selected as a clock input 
source and the dividing ratio of a prescaler is set at “Bypass 
Prescaler”’ at reset time. 


Table 1 Clock Input Source Option 











Timer Control 


Register (TCR) Clock input Source 





(NOTE) 0,0 and 1,0 are not usable in mask option of 6805. 


Table 2 Prescaler Dividing Ratio Option 


ees Prescaler Dividing Ratio 


Bypass Prescaler 


lox 
nN 


1 Prescaler + 2 
Prescaler + 4 
1 1 Prescaler + 8 


Prescaler + 16 
Prescaler + 32 
Prescaler + 64 
Prescaler + 128 








m2 |] [—a;- [01/0/0100 


The MCU can be reset_three ways: by initial powerup, by 
the external reset input (RES) and by an internal low voltage 
detect circuit (mask option) see Figure 4. All the I/O port are 
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initialized to Input mode (DDR’s are cleared) during RESET. 
Upon power up, a minimum of 100 milliseconds is needed 
before allowing the reset input to go “High”’. 
This time allows the internal crystal oscillator to stabilize. 
Connecting a capacitor to the RES input as shown in Figure 5 
will provide sufficient delay. 


RES Pin 


Internal 
Reset 





Figure 4 Power and RES Timing 






Part of 
HD68P05V 
MCU 







Figure 5 Power Up Reset Delay Circuit 


® INTERNAL OSCILLATOR 

The internal oscillator circuit has been designed to require a 
minimum of external components. The use of'a crystal (AT cut, 
4 MHz max) is sufficient to drive the internal oscillator with 
varying degrees of stability. The different connection methods 
are shown in Figure 6. Crystal specifications are given in Figure 
7. 


4 MHz 


max 51 XTAL HD68PO5V 
MCU 


22pF+20% 





Crystal 





External 






5{xta_  HD68PO5V 
MCU 


Clock 
Input 
External Clock 
Figure 6 Internal Oscillator 
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XTAL 


AT — Cut Parallel Resonance Crystal 
C, = 7 pF max. 

f= 4 MHz 

Rg = 602 max. 


Figure 7 Crystal Parameters 


a INTERRUPTS 


EXTAL 





the program counter (PCH, PCL) contents to be pushed onto 
the stack. This interrupt bit (I) in the condition code register is 
set, the address of the interrupt routine is obtained from the ap- 
propriate interrupt vector address, and the interrupt routine is 
executed. The interrupt service routines normally end with a 
return from interrupt (RTI) instruction which allows the MCU 
to resume processing of the program prior to the interrupt. 
Table 3 provides a listing of the interrupts, their priority, and 
the vector address that contain the starting address of the 
appropriate interrupt routine. 
A flowchart of the interrupt processing sequence is given 
in Fig. 9. 
7 6 5 4 3 


2 1 
Condition 
Code Register 


0 Pull 








nt+1 


n+2 


The MCU can be interrupted three different ways: through 
the external interrupt (INT) input pin, the internal timer inter- n-2 






n+3 


Index Register 






rupt request, and a software interrupt instruction (SWI). When 

any interrupt occurs, processing is suspended, the present MCU n~1 n+4 
state is pushed onto the stack in the order shown in Fig. 8, the 

interrupt bit (1) in the condition code register is set, the address n nt+5 
of the interrupt routine is obtained from the appropriate inter- 

rupt vector address, and the interrupt routine is executed. Since Push 


the stack pointer decrements during pushes, the low order byte * For subroutine calls, only PCH and PCL are stacked. 
(PCL) of the program counter is stacked first; then the high 
order five bits (PCH) are stacked. This ensures that the program 
counter is loaded correctly as the stack pointer increments when 


it pulls data from the stack. A subroutine call will canse only 


Figure 8 Interrupt Stacking Order 


Table 3 Interrupt Priorities 








Vector Address 





Interrupt 















$OFFE and $OFFF 
SOF FC and $OFFD 
 $0FFA and $0FFB 
$OFF8 and SOFF9 











1-1! 
7F SP 
0 —-DDR's 
‘CLR INT Logic 
FF ~— Timer 
TF -» Prescaler 
7F + TCR 















Load PC From 
SWI: OFFC, OFFD 
TNT: OFFA, OFFB 
TIMER: OFF8, OFF9 













Execute 
Instruction 


Figure 9 Interrupt Processing Flowchart 


428 @ HITACHI 





@ INPUT/OUTPUT 

There are 24 input/output pins. All pins are programmable 
as either inputs or outputs under software control of the data 
direction registers. When programmed as outputs, all 1/O pins 
tread latched output data regardless of the logic level at the 
output pin due to output loading (see Fig. 10). When port B is 






° 


Port A 


D> eevc0esee DP 





4. 


Port A Programmed as output(s) driving CMOS and TTL Load directly. 
(a) 


+V 










a 
° 






Port B 


10 mA max 






wo 


2 


Port 8 Programmed as output(s) driving LED(s) directly. 
, (c) 





1/0 Pin 


Port B 


HD68P05V05, HD68P05V07 


programmed for outputs, it is capable of sinking 10 millamperes 
on each pin (Vo, = 1V max), All input/output lines are TTL 
compatible as both inputs and outputs, Port A lines are CMOS 
compatible as outputs while port B and C lines are CMOS com- 
patible as inputs. Figure 11 provides some examples of port 


connections. 
Output Input to 
State MCU 
0 
1 
3-State 













Data 







Direction Output 
Register Data Bit 
Bit 





wo 
° 


° 
e 
e 
° 
e 
e 
e 
e 
B 





Port B Programmed as output(s) driving Darlington base directly. 
{b) 


+V 









ie) 
° 


Port C CMOS Inverter 






QO eeeeeee@ 


i) 


Port C Programmed as output(s) driving CMOS using external pull-up 
resistors. 


Figure 11 Typical Port Connections 


2 INPUT 

Port D is 8-bit input port, which has two functions. One of 
them is usual digital signal input port and the other is voltage 
compare type input port. In the former case, the input data 
can be read by MPU. at $003 address. In the latter case, D, 
(pin 17) is the input pin of Vpy (reference level), and the other 
seven input pins (Do ~ Dg) are analog level inputs, which are 
compared with Vy (see Figure 12(a), (b)). 

“1” or “O” signals appear at internal data bus, if the input 
levels are higher or lower respectively when $007 address is 
read. This function is effective in such case that unusual logic 
level inputs are used. A capacitive touch panel interface and 
a diode isolated keyboard interface are the examples. Figure 
12(c) shows the application of Port D to A/D converter, and 
Figure 12(d) shows 3 levels inputs. 


a BIT MANIPULATION 

The MCU has the ability to set or clear any single random 
access memory or input/output bit (except the data direction 
registers) with a single instruction (BSET, BCLR). Any bit in 
the page zero read only memory can be tested, using the BRSET 
and BRCLR instructions, and the program branches as a result 
of its state. This capability to work with any bit in RAM, ROM 
or I/O allows the user to have individual flags in RAM or to 
handle single I/O bits as control lines. The example in Figure 13 
illustrates the usefulness of the bit manipulation and test 
instructions. Assume that bit 0 of port A is connected to a zero 
crossing detector circuit and that bit 1 of port A is connected to 
the trigger of a TRIAC which power the controlled hardware. 

This program, which uses only seven ROM locations, pro- 
vides turn-on of the TRIAC within 14 microseconds of the zero 
crossing. The timer could also be incorporated to provide turn- 
on at some later time which would permit pulse-width modiula- 
tion of the controlled power. 
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: 00s Rew’ Input Port 
Internal Bus << & (Do~ Dg) 
(BitO ~ Bit6) 
$007 Read + 
$003 Read 
Input Port (D7) 
Internal Bus 
(Bit 7) 


(a) The logic configuration of Port D 


Reference Level 


Analog Input 6 


Analog Input 6 


, 
D, mae 


Analog Input 0 





(c) Application to A/D convertor 


VtH (= 3.5V) 


3 Levels Input 6 











OV ~ 0.8V 
2.0V ~ 3.3V 
3.7V ~Vocc 








3 Levels Input 0 





(d) Application to 3 levels input 
Figure 12 Configuration and Application of Port D 
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SELF 1 BRCLR O, PORT A, SELF 1 
BSET 1,PORT A 


BCLR 1,PORT A 


Figure 13 Bit Manipulation Example 


= ADDRESSING MODES 

The MCU has ten addressing modes available for use by the 
programmer. They are explained and illustrated briefly in the 
following paragraphs. 

@ immediate 

Refer to Figure 14. The immediate addressing mode accesses 
constants which do not change during program execution. Such 
instructions are two bytes long. The effective address (EA) is 
the PC and the operand is fetched from the byte following the 
opcode. 

@ Direct 

Refer to Figure 15. In direct addressing, the address of the 
operand is contained in the second byte of the instruction. 
Direct addressing allows the user to directly address the lowest 
256 bytes in memory. All RAM space, I/O registers and 128 
bytes of ROM are located in page zero to take advantage of this 
efficient memory addressing mode. 

@ Extended 

Refer to Figure 16. Extended addressing is used to reference 
any location in memory space. The EA is the contents of the 
two bytes following the opcode. Extended addressing instruc- 
tions are three bytes long. 

@ Relative 

Refer to Figure 17.The relative addressing mode applies only 
to the branch instructions. In this mode the contents of the 
byte following the opcode is added to the program counter 
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents 
of the location following the instruction opcode with bit 7 
being the sign bit. If the branch is not taken Rel=0, when a 
branch takes place, the program goes to somewhere within the 
range of +129 bytes to -127 of the present instruction. These 
instructions are two bytes long. 

@ Indexed (No Offset) ; 

Refer to Figure 18. This mode of addressing accesses the 
lowest 256 bytes of memory. These instructions are one byte 
long and their EA is the contents of the index register. 

@ Indexed (8-bit Offset) 

Refer to Figure 19. The EA is calculated by adding the 
contents of the byte following the opcode to the contents of 
the index register. In this mode, 511 low memory locations are 
accessable. These instructions occupy two bytes. 

@ Indexed (16-bit Offset) 

Refer to Figure 20, This addressing mode calculates the EA 
by adding the contents of the two bytes following the opcode 
to the index register. Thus, the entire memory space may be 
accessed. Instructions which use this addressing mode are three 
bytes long. 
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@ Bit Set/Clear 

Refer to Figure 21. This mode of addressing applies to 
instructions which can set or clear any bit on page zero. The 
lower three bits in the opcode specify the bit to be set or 
cleared while the byte following the opcode specifies the 
address in page zero. 
@ Bit Test and Branch 

Refer to Figure 22. This mode of addressing applies to 
instructions which can test any bit in the first 256 locations 
($00-$FF) and branch to any location relative to the PC. The 
byte to be tested is addressed by the byte following the opcode. 
The individual bit within that byte to be tested is addressed by 
the lower three bits of the opcode. The third byte is the relative 
address to be added to the program counter if the branch condi- 
tion is met. These instructions are three bytes long. The value of 
the bit tested is written to the carry bit in the condition code 
register. 
@ Implied 

Refer to Figure 23. The implied mode of addressing has no 
EA. All the information necessary to execute an instruction is 
contained in the opcode. Direct operations on the accumulator 
and the index register are included in this mode of addressing. 
In addition, control instructions such as SWI, RTI belong to this 
group. All implied addressing instructions are one byte long. 


a INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/modify/ 
write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions within 
a given type are presented in individual tables. 
@ Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. 
The jump unconditional (JMP) and jump to subroutine (JSR) 
instructions have no register operand, Refer to Table 4. 
@ Read/Modify/Write Instructions 

These instructions read a memory location or a register, 
modity or test its contents, and write the modified value back 
to memory or to the register. The test for negative or zero 
(TST) instruction is an exception to the read/modify/write 
instructions since it does not perform the write. Refer to Table 
5; 
@ Branch Instructions 

The branch instructions cause a branch from the program 
when a certain condition is met. Refer to Table 6. 
@ Bit Manipulation Instructions 

These instructions are used on any bit in the first 256 bytes 
of the memory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer to Table 7. 
@ Control Instructions 

The control instructions control the MCU operations during 
program execution. Refer to Table 8. 
e@ Alphabetical Listing 

The complete instruction set is given in alphabetical order in 
Table 9. 
@ Opcode Map 

Table 10 is an opcode map for the instructions used on the 
MCU. 
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Memory 






Stack Point 
PROG LDA #$F8 O5BE Prog Count 
cc 


peas 


| 


Figure 14 Immediate Addressing Example 


CAT FCB 32 004B 





Index Reg 


el 


Stack Point 
PROG LDA CAT 052D 


Prog Count 


cc 


= = 


Figure 15 Direct Addressing Example 
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| lea 
emery [wee 


—_——_ 
0000 


PROG LOA cAT o4og{ C6 


040A 


cae es || 


‘ 
CAT FCB 64 o6€5| 40 ~~ | 040c 
cc 


areas 
onan pees ed 


| 
Figure 16 Extended Addressing Example 






Index Reg 
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ees 
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' Adder 
A 
Index Reg 
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0000 

PROG BEQ PROG2 04A7 {___{__] Count 
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Figure 17 Relative Addressing Example 
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TABL FCC/LI/00B8 





y Stack Point 


PROG LDA X O5F4 F 


' 
aaa Prog Count 
fo 


CC 


! | ae 


| 


Figure 18 Indexed (No Offset) Addressing Example 


EA 
Memory 008C 


o 


n un 


TABL FCB #BF 0089 
FCB # 86 008A 
FCB =OB 008B 
FCB #CF 008C 


i 
oO 
n 


Index Reg 


wo 


Stack Point 
PROG LDA TABL. X 075B 


075C 
Prog Count 


cc 


ll 


| 


Figure 19 Indexed (8-Bit Offset) Addressing Example 
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Memory 


tndex Reg 


PROG LDA TABL. X 0692 Stack Point 
0693 
0694 Prog Count 
cc 
FCB #86 O77F 
FCB #DB 0780 
FCB #CF 0781 
i] 4 
’ ' 
ee | 
Figure 20 Indexed (16-Bit Offset) Addressing Example 
PORTB EQU 
fe 
Index Reg 
PROG BCLR 6.PORT B O58F Stack Point 
, 0590 
Prog Count 
| | aaa 


Figure 21 Bit Set/Clear Addressing Example 
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PORTC EQU 2 0002 


. ie | 
o 
N= 


PROG BRCLR 2.PORTC. PROG 2 0574 
0575 
0576 


Ll 


0000 


Adder 


Pd 
Index Reg 
0000 


Stack Point 


Prog Count 


Adder 


Figure 22 Bit Test and Branch Addressing Example 
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il 


PROG TAX OS5BA 
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Index Reg 


Stack Point 


Prog Count 


cc 


ae 


Figure 23 Implied Addressing Example 
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Table 4 Register/Memory Instructions 


Addressing Modes 












































F A Indexed T Indexed Indexed 
Function Mnemonic Immediate zl Direct Extended (No Offset) Be Bit wos 6-Bit oe 
—T ~}-— —- 
Op # | # Op # ge Op # if # Op | # # Op # 
Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code aes ore Code me Cycles 
Load A from Memory 3 6 
Load X from Memory 5 DE 3 6 
Store A in Memory 6 te 07 3 7 
Store X in Memory 1 5 6 DF 3 7 
Aaa Memory to A rs prepa fs [epeys [ol sys 
fel Memory: ere ADC ag} 2 | 2 |e9 | 2/4 |eo| 3 | 5 |eo | 1 | 4 es pp | 3 | 6 
Carry toA 
1 ana Pema (aE 
Subtract Mem suB AO 2 2 BO 2 4 co 3 5 Fo 1 5 DO 3 6 
Subtract aes from 1 ni all r ea T 
od oe SBC a2| 2 | 2 [82 | 2 | 4 |c2] 3 | 5 | F2] 1 5 |o2/]/ 3 |] 6 
Awith Borrow orien as ah 
AND Memory to A AND A4 2 2 B4 at 4 C4 7 3 ate 5 F4 [1 5 Pill. D4 3 6 
>t +—— ~— ——— —~+ 
OR Memory with A ORA AA 2 2 BA 2 4 =i CA 3 5 FA 1 5 DA 3 6 
Se +  aSaecan acuiCan a a at as 
ens Orne eon as| 2 | 2 |s8/ 2/4 |ca] 3! 5 ies 1 5 |poe| 3] 6 
at ai a kecees near Fee Te 
Pa RS COORD EY | chap Ar} 2 | 2 |B | 2 | 4 |e] 3 bs FL] 1 5 |o1]/ 3] 6 
with Memory im A i 
; ; a 7 Arca T 
siaiees COMbaTe Kh haps az} 2 | 2 (83 | 2] 4 |c3 | 3 | 5 | €3 iF ai 3 | 6 
with Memory L mi 





Bit Test Memory with A 


{Logical Compare) BIT AS 2 2 B85 2 4 cs 3 















































Jump Unconditional JMP - - — BC 2 3 cc 3 4 ui FC [4 ae 3 4 oc 3 es 
Jump to Subroutine JSR - - BD 2 7 co 3 8 FD 1 8 DD 3 9 

















Table S Read/Modify/Write Instructions 


Addressing Modes 





. . indexed Indexed 
F ] i i 
unction mplied (A) Implied (X) Direct (No Offset) (8-Bit Offset) 


Op # # Op # # Op # oe # Op # # Op # # 
Code | Bytes | Cycles | Code | Bytes| Cycles} Code| Bytes| Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles 


Increment ames Pepa re tate 7 
Decrement — 7A 6A 7 
Clear a 7F 6F 7 

7 

















Complement | com | earaetes 7a{ 1 |.6 [es] 2 | 
ne SEC HEC EERE 
(2's Complement) 

Rotate Left Thrucary | Roc | 49 | 1 | 4 [59 {1 | 4 | 99] 2] 6 | | 1] 6 [oo | 2 | 7 
Rotate Right Thru Carry] ROR | 46 | 1 | 4 | 56/1 | 4 | 36] 2 | 6 | | 1 | 6 [es | 2 | 7 
Logical Shift Left ic | a8 {1 | 4 [sa] 1 | 4 | ss] 2] 6 | wi] 1 | 6 [os] 2 [7 
Logical Snitt Rignt | usr | 44 | 1 | 4 [oe | 1 | 4 | a4 { 2 [| 6 | m [1 [ 6 [oe | 2 | 7 
a, ee dea ee ee eae 
Arithmetic Shift Left psf 4 [se] i | 4 [se] 2] 6 | i} 1] 6 [es | 2 [7 
seen fe fel eh loll del eel 
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Table 6 Branch Instructions 


Function 


Branch Always 

Branch Never 

Branch IF Higher 

Branch IF Lower or Same 

Branch IF Carry Clear 

(Branch IF Higher or Same) 

Branch !F Carry Set 

(Branch IF Lower) 

Branch IF Not Equal 

Branch |F Equal 

Branch IF Half Carry Clear 

Branch IF Half Carry Set 

Branch IF Plus 

Branch IF Minus 

Branch IF Interrupt Mask Bit is Clear 
Branch IF Interrupt Mask Bit is Set 
Branch IF Interrupt Line is Low 
Branch IF Interrupt Line is High 
Branch to Subroutine 


Op 
Code 


# 
Bytes 


P) 
> 


BLS 
Cc 


i] 
i?) 


C 
(BLO) 


” 


~ 


BHCC 
BHCS 


OAL A/HAl/A [AA ALALATALAlLA LAH LA [ALA 


uv 
r 


> 


M 


oO 
nN 
i?) 


BIL 


N 
n 


Table 7 Bit Manipulation Instructions 


Function 


Branch IF Bit n is set 
Branch IF Bit n is clear 
Set Bit n 

Clear bit n 






BRSET n (n=0.. 
BRCLRn nadie 
BSETn (n=0 


BCLR n (n=0 


Function 


Transfer A to X 
Transfer X toA 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No-Operation 
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Addressing Modes 


Bit eae 





7) 


Table 8 Control Instructions 


ae 


Op 
=a 


ee ce en ae 
eas eee eee a ee 
eae eee ee | ee ee en 
ee, ae ae ee ee ee 
ae eee ee a ae 
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Relative Addressing Mode 


# 
Cycles 
4 


Bit Test ar Branch 


Op Op 
a ov Love = Lore oe 


7) Eee eae ee 
| torn | 2 | 7 mE v= UTC 
pee [ef = 


me 


2 


Bilnirmin [rr 


NM] O!O 





a0 
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Table 9 Instruction Set 


Addressing Modes Condition Code 


Mnemonic Indexed Bit Bit 
- Imme- ; Ex- Re- Indexed | Indexed 
Implied| .. Direct : (No f : Set/ | Test & | H N;Z 
diate tended | lative Offset) (8 Bits) | (16 Bits) Clear | Branch af 
ADC ae ee ae ae ee ee ee ee ee ee es 
ADD x pS | «x | «x | « | fT fAtela 
A 


x x 
x 
x 





oO 


>|>|>|> 


ASL | ee ee ee ee ee ee 


ASR x us ae | . 


BCC e 
BCLR 














@ 
9) 
”n 
* 
e 











BEO T iz elelele 
BHCC | elelele 
BHCS e 


af 








Te 
e 
> 
e |e |> 
ele lelelelele leis l>jeis is 


++ 
| 

° | 
le 
“Fh 





gies far see See 
} 
1 
e 
e 


— 
BHI | | [ cA died a 
BHS e e 
BIH ail 





BIL 

















irl 
sae at T 
7 
| | iz 
totelete 
eie stelety 
tT 
a 


o 
fe 
n 
or 





























































































































e 
ALA 
eieife 
e'eie 
BMC eleieie 
BMI = x ee, eje;i,eile 
BMS x | elejelsele 
BNE x eleielele 
ce eee es a! Ee  ( olelelele 
BRA x | ele\ej\efl\e 
a = | L {x ! yi 3. - e ° eje . 
RCL +. +-— sas +~ + —+— : — om eae Fie Wa bf —+—-— 
BRSET | | ae [ x @e,;@ej;@elie@ lA 
BSET cal: i if i | Ae x “le le elele 
4 | + + + T $444 
BSR + ce | 4a + x t i esl ho Ris ac cH Ko 
cre | x eee ome SPO 0) e410 
Cll al Rs Mi | i ie ti { peo) i Bg 
CLR x x zi elej/oitlie 
+ —_- +- ies aa be cule aoe, + il AD Enea es WE 
CMP x x x PLP IAIASA 
M | ma ai; i e 
EO a ee ee | tefelalai 
CPX _| al x x x i al: | @;@iAIiAIA 
DEC x x al felelAlale 
EOR i x 
x ei A;A \e@ 
be a elAlAle 
x pejelele 
x eje 
A {|e 
e 





Fe 
> 
Ee 


Condition Code Symbols: (to be continued) 
H 


Half Carry (From Bit 3) C Carry Borrow 
! Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
z Zero 
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Mnemonic 


LSL 
LSR 
NEG 
NOP 
ORA 
ROL 
ROR 
RSP 
RTI 
RTS 
SBC 
SEC 
SEI 
STA 
STX 
SUB 
SWI 
TAX 
TST 
TXA 


Table 9 instruction Set 


Addressing Modes Condition Code 


Indexed Bit Bit 
t -| om: Ex- Re- Indexed | Indexed | ° 
om | al oe S Ba[iln|e 
Ee ee ee ee oO 
a eee ee eee ae a PT fe fo fo lata 


Ea ae ES ae ee ae ee CEE 
Ue eae EE 











eee ee ee 
ea Sa a Fa BE 
es 
fs CN 
ee ae ae ae ee ee ee a ea ea ee 
Pere lela |e als = lee a el 
eee ee ce els | orl aal 
a a Oe CVT 
ie es ee ESCA ° 
Sea se a ee EA 
Pee ee sli 

i CCN 
AP ee CAR (a (RAN EN CS 
en a a ON eee ee LE 
es 
er en Cm ses le ee 


Condition Code Symbols: 


440 


Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Zero 


z 


Carry/Borrow : 

Test and Set if True, Cleared Otherwise 
Not Affected 

load CC Register From Stack 


ve>o0 
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Table 10 Opcode Map 


| Bit Manipulation | Branch] Rlead/Modify/Write 



























































Sienct_| Gew_| ret jou | a | x | xt | xo | wr | ime {imme | ov | exr | x2 | xr | 2x0 | 
O|BRSETO |BseTO |BRA | NEG RTI*® | SUB 0 
1} eRcLRo | ecLro | BRN | [rtss| - | cMP 1 
2{ersers jeseTis [ow | sCidEC CTC SBC 2 
3 orca acre pus ____cow ____} suit | = CPX ZL 
4 | BRSET2 | BSET2 | BCC LSR | AND 40 
5 | BRCLR2 | BCLR2 | BCS = = BIT 5 W 
6 BSET3 | BNE ROR 6 
7 [BRCLR3 | BCLRS | BEQ | ASR | - [tax [- To stacey) 7 
BierseTs jeseTa [pHcc| ss tsuASL CCT = Cec | CEORRC ;$tsts~“‘COCdCB 
9 ROL SEC ADC 9 
A DEC CLI ORA A 
c{BRSET6 | BSET6 | BMC INC JMP(~1) Cc 
JSR(-3) D 
- LDX E 
= STX(+1) F 
1/* 2/4 | 3/5 1/4 








(NOTE) 1. Undefined opcodes are marked with “—"’. 








2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycies). 
Mnemonics followed by a “‘«”' require a different number of cycles as follows: 


RT! 9 
RTS 6 
SWI 1 
BSR 8 
3. ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


= HD68P05V USED FOR HD6805U/V 

Fig. 25 provides the memory configuration of MCU. Fig. 
25(a) provides the configuration of HD68P05V used for 
HD6805U. “Not Used” memory map may be used for 
HD68PO05V but not used for HD6805U. If used for HD6805V, 
HD68P05V will have the configuration shown in Fig. 25(b). 

The timer part of HD6805U/V is mask-option. If used for 
HD6805U/V. HD68POS5V sets the bit 0 to 5 of timer control 


register in the program just after reset and selects the dividing 
ratio of the prescaler and the clock input source. Fig. 24 shows 
an example of the program which selects the external clock as 
an input source at 128 dividing. 

If the program specified by the HD68PO5V is masked as 
HD6805U/V, the command to operate this bit is ignored be- 
cause HD6805U/V doesn’t have the bit 0 to 5 of the timer con- 
trol register. 


LDA #$77 
STA TCR ($009) 


Figure 24 Example to initialize timer control register (TCR) 
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1/0 Ports 
Timer 
RAM 

(128 Bytes) 






Port B 
Port C 
Port D (digital) 
Port A DDR 
Port B DDR 
Port C DDR 










ROM 
(128 Bytes) 






255 
256 





Not Used Port D (analog) 


Timer Data Reg 


Timer CTRL Reg 


Not Used 
(22 Bytes) 





2047 
2048 








ROM 


RAM (96 Bytes) 


(1920 Bytes) Stack 


* Write Onty Register 





3967 : 
3968 $F80 ** Read Only Register 
4087 Self-Test $FF7 

4088 $FF8 


Interrupt Vectors 


(a) HD6805U Configuration 








7 0 765 43 210 
000 1/0 Ports Port A $000 
ee | Port 
P 
RAM ort B $001 
127 (128 Bytes) Port C $002 
128 


Port D (digital) 
Port ADDR 
Port B DDR 


$003** 


ROM 
(3840 Bytes) 


* Write Only Register 


Self-Test $F80 ** Read Only Register 


Interrupt Vectors 


(b}) HD6805V Configuration 


Figure 25 MCU Memory Configuration 
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= PRECAUTION TO USE EPROM ON THE PACKAGE 8-BIT 
SINGLE-CHIP MICROCOMPUTER 
As this microcomputer takes a special packaging type with 
pin sockets on its surface, pay attention to the followings; 

(1) Do not apply higher electro-static voltage or serge voltage 
etc. than maximum rating, or it may cause permanent 
damage to the device. 

(2) There are 28 pin sockets on its surface. When using 32k 


Let the index-side four pins open. 
When using 24 pin EPROM, match 
its index and insert it into lower 
24 pin sockets. 


261 JAPAN 





1O68PO5 V0? 


EPROM (24 pins), let the index-side four pins open. 

(3) When assembling this LSI into user’s system products as 
well as the mask ROM type 8-bit single-chip microcompu- 
ter, pay attention to the followings to keep the good ohmic 
contact between EPROM pins and pin sockets. 

(a) When soldering on a printed circuit board, etc., keep its 
condition under 250°C within 10 seconds. Over-time/ 
temperature may cause the bonding solder of socket 
pins to meet and the sockets may drop. 

(b) Keep out detergent or coater from the pin sockets at 
aft-solder flux removal or board coating. The flux or 
coater may make pin socket contactivity worse. 

(c) Avoid the permanent use of this LSI under the ever- 
vibratory place and system. 

(d) Repeating insertion/removal of EPROMs may damage 
the contactivity of the pin sockets, so it is recommend- 
ed to assemble new ones to your system products. 

Ask our sales agent about anything unclear. 
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HD63PBO1M1 


CMOS MCU(Microcomputer Unit) 


The HD63P01M1 is an 8-bit single chip Microcomputer Unit 
(MCU) which has 4096 bytes or 8192 bytes of EPROM on 
the package. It is pin and function (except ROM) compatible 
with the HD6301V1. The HD63P01M1 can be used to emulate 
the HD6301V1 for software development or it can be used in 
Pee to allow for easy firmware changes with minimum 
delay. 


s FEATURES 
@ Pin Compatible with HD6301V1 
@ On Chip Function Compatible with HD6301V1 
* 128 Bytes of RAM 
* 29 Parallel 1/O 
* 16 Bit Programmable Timer 
* Serial Communication Interface 
@ Low Power Consumption Mode 
Sleep Mode, Standby Mode 
@ Minimum Instruction Cycle Time 
Ius (f = MHz), 0.67us (f = 1.5MHz), 
0.5us (f = 2MHz) 
@ Bit Manipulation, Bit Test Instruction 
®@ Protection from System Burst 
Address Trap Op-Code Trap 
@ Up to 65k Words Address Space 
@ Applicable to 4k or 8k Bytes of EPROM 
4096 Bytes : HN462732, HN482732A 
8192 Bytes : HN482764, HN27C64 


= TYPE OF PRODUCTS 












EPROM Type No. 








HD63P01M1 
HD63PA01M1 
HD63PB01M1 





* Under development 





HN462732, HN482764-4, HN27C64* 
HN462732-2, HN482764-3, HN27C64* 
HN482732A-25, HN482764, HN27C64* 


—ADVANCE iE ORMATION. 


HD63P01M1, HD63PA01M1, 
HD63PB01M1 





= PIN ARRANGEMENT 


HD63P01M1, HD63PA01M1, HD63PB01M1 


ie) 
oO 
10) 
1?) 
ce) 
Oo 
ce) 





(Top View) 


(NOTE) EPROM is not included. 
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Sci | 
El Sci 
Pio 
Pa Address a) Pi 
P Piz 
P Pis 
Pis 
Pis 
p 


Piz 





" BLOCK DIAGRAM 


Address 
Output 
EPROM 
HN462732 
HN482732A 
HN482764 
HN27C64 
Data 
Input 
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8-BIT MICROCOMPUTER 


HMCS6800 MULTI-CHIP 
SERIES 








HD6s800, HD68A00, HD68B00— 
MIPU (Micro Processing Unit) 


The HD6800 is a monolithic 8-bit microprocessor forming 
the central control function for Hitachi's HMCS6800 family. 
Compatible with TTL, the HD6800 as with all HMCS6800 
system parts, requires only one 5V power supply. and no ex- 
ternal TTL devices for bus interface. The HD68A00 and 
HD68B00 are high speed versions. 

The HD6800 is capable of addressing 65k bytes of mem- 
ory with its 16-bit address lines. The 8-bit data bus is bi-direc- 
tional as well as 3-state, making direct memory addressing and 
multiprocessing applications realizable. 


HD6800, HD68A00, HD68B00 


ae FEATURES 
e@ Versatile 72 Instruction — Variable Length (1~3 Byte) 
@ Seven Addressing Modes — Direct, Relative, Immediate, 


Indexed, Extended, Implied and Accumulator 

@ Variable Length Stack 

@ Vectored Restart 

@ Maskable Interrupt 

@ Separate Non-Maskable Interrupt — Internal Registers Saved 
in Stack 

e@ Six Internal Registers — Two Accumulators, Index Register, 
Program Counter, Stack Pointer and Condition Code Register 

e@ Direct Memory Accessing (OMA) and Multiple Processor 
Capability 

@ Clock Rates as High as 2.0 MHz (HD6800 -- 1 MHz, 
HD68A00 --- 1.5 MHz, HD68B00 -- 2.0 MHz) (DP-40) 

@ Halt and Single Instruction Execution Capability 

@ Compatible with MC6800, MC68A00 and MC68B00 





® PIN ARRANGEMENT 


8 BLOCK DIAGRAM 


Ais Au Ay Aun A 


1 Aig Ae Ay A, A 
1 


o> 


25 «24 23 22 20 19 «18 17 16 





HD6800 






Program 
Counter 


Program 
Counter |, 






L 


Instruction 
TSC 39 Decode 
and 
OBE 36 Control 
Index 
Register H 


Index 
Register | 


RW 34 Accumulator 
A 


tnstruction Accumulator 
Register B 


Condition 
ode 





ie} 
pjsea 


Register 


(Top View) 
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@® ABSOLUTE MAXIMUM RATINGS 















Supply Voltage 
Input Voltage 
Operating Temperature 





Storage Temperature 





a 








* With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum rating are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 


@ RECOMMENDED OPERATING CONDITION 






Supply Voltage 





Input Voltage 





Operating Temperature 





* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


Item 


-0.3 ~ +7.0 
-0.3 ~ +7.0 


7 20~4+75 
-~ 55 ~ +150 


a a a a a 


Vin* 


Topr 








Symbol Test Condition min typ max 
Input “High” Voltage Logic** Vin i 2.0 - Vec 
Input “Low” Voltage Logic** Vin - 0.3 — 0.8 


Clock Input ‘‘High’’ Voltage 






























Unit 


Se 















































1, 2 Vine Veco 9.6; —- |Vect+03|  V 
Clock Input ‘‘Low” Voltage | $1, ¢2 Vite -0.3 5 0.4 Vv 
Do~D7 lon = -205nA 2.4 oe > Vv 
Output “High” Voltage en ol Won = -145uA - V 
Output” Low” Voltage Vor | lot = 1.6mA 0.4 V 
Logic*** xin 1 =0~ 8.280, . _ 2.5 uA 
Input Leakage Current in other pins are connecte 
: 1,02 to GND -100 ~ 100 | WA 
Three-State (Off-state) Do~D7 | = = -10 =e 10 7 KA 
Input Current AA A a ee “100 | = 100 uA 
Power Dissipation Pp _ 0.5 1.0 Ww 
Logic*** _ 6.5 10 pF 
Do~D, Vin = OV, Ta= 25°C OE 10 12.5 pF 
Input Capacitance | Sack et See C; in ' : 
1 "| f= 1 MHz za 25 35 pF 
$2 














Output Capacitance 


* Ta = 25°, Vec = 5V 
** All inputs except ¢, and ¢, 





Ao~Ais, R/W 
VMA, BA 


*** All inputs except ¢,,¢, and D,~D, 


450 







Vin = OV, Ta = 25°C, 
f= 1 MHz 
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@ AC CHARACTERISTICS (Vee =5V + 5%, Vs = OV, Ta = -20~+75°C, unless otherwise noted.) 
1. TIMING CHARACTERISTICS OF CLOCK PULSE ¢; and ¢2 



































































































































Oe Se Test HD6800 HD68A00 HD68B00 cine 
iti 7 aires ft nl 
i ymbo" | Condition min | typ [ max | min typ | max | min | typ ‘| max 
Frequency of Operation f 0.1; — 1.5 : 0.1) - 2.0 | MHz 
Cycle Time teyc Fig. 10 0.666 | — 10 0.500 | _ 10 | ps 
Clock Pulse Width | 1,62 — [PWe.PWen2| Fig. 10 230) — [4500 180; - [4,500/ ns _ 
Rise and Fall Times | $1, $2 t,, te Fig. 10 —-|] - 100 a ||! 100 | ns 
Delay Time (Clock Internal) ty Fig. 10 o| — | 4,500) o| — | 4,500] ns 
Clock ‘‘High’’ Level Time tut Fig. 10 600; — —{| 440; —- —]} ns 
2. READ/WRITE CHARACTERISTICS 
HD6800 HD68A00 HD68B00 
Item Symbol c Li - - ——- 1 4+ Unit 
ondition min | typ | max | min | typ max | min | typ max 
Fig. 11 , 
=90pF Lae - —| - -| - ns 
Address Delay ee tant Fig. 12 270 190 Me 
Time 1 Fig. 11 T a T 
C=30pF | tape tne _ 250 | -| - 165 —|o- 135; ns 
- T + 
Data Setup Time (Read) tosr Fig. 11 - — 60; — - 40) —- —j|ons 
Peripheral Read Access Time : i = 7 = 
tes = toy = (tag 4 toge) | oes Fig. 11 | ae — | a 250 | ns 
Input Data Hold Time ty Fig. 11 ai - 10] — — 10; —- — | ns 
Output Data Hold Time ty Fig. 12 20} —- _ 20; — - 20; — —|ons 
Address Hold Time Fig. 11, 
(Address, R/W, VMA) tan Fig. 12 1. ey ees Res Sans Bek = [es 
wu ” . z SSS Se eee 
ne High” Time for DBE i Fig. 12 450| — _—| 20/ — _| 299) — mee 
nput ——__ —- a — -- ——. 
Data Delay Time (Write) tonu Fig. 12 litte | 906) ale | (2001. sedares 160 | ns 
Data Bus Enable Down Time ee : ] — 
2 me 4 4 
Data Bus Enable Delay Time toseD Fig. 12 - —| 250 oe Oe 180) — — | ns 
a 
Data Bus Enable tose r if 
Rise and Fall Times t See: Fig. 12 = 25 Sh SS 25 -| - 25] ns 
Processor Control Setup Time tecs - - 140/ — - 110] = - a 
Processor Control tec [ 
Rise and Fall Times tea = m0 Hl 100 el ae 100: j008 
Bus Available Delay Time (BA)| tga — | sof —-| — 165, —-| — 135 | ns 
Three-State Delay Time trsp - 270 -{| - 270 -| - 220 | ns 
5.0V 
Ri=2.4k C = 130pF for D,~D, 
= 90pF for A,~A,,,R/W, and VMA 
Test Point = 30pF for BA 
R= 11kQ for D,~D, 
c re = 16k2 for A,~A,,, R/Wand VMA 
= 24kQ for BA 
C includes Stray Capacitance. 
All diodes are 12074 @ or equivalent. 
Figure 1 Bus Timing Test Load 
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The Last Instruction Cycle Halt Cycle 








Figure 2 Timing of HALT and BA 


Halt Cycle Instruction Cycle 








Figure 3 Timing of HALT and BA 


MPU Reset MPU Restart Sequence 


oy Voc — 0.6V 


, Vec — 0.6V 


RES 


VMA 





Figure 4 RES and MPU Restart Sequence 
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WAIT Cycle or 


The Last Instruction Cycle ! Interrupt Sequence 





3 


z 
= 


(When WAIT Cycle) 





Figure 5 IRQ and NMI Interrupt Timing 


The tast execution cycle of 


WAI instruction (#9) WAIT Cycle 
a Sn: ca, ie ocean? ail 





Figure 6 WAI Instruction and BA Timing 


PWen, (4.5 us max) 




















>, ] Vec — 0.6V Veco —0.6V 
0.4V 
>, 
tpcr —»| tect 
SG O8V 
= AH tTsp 
A,~A WZ 5 i, 2 av 
0 15 YG Ce 04V 
a WP LZ BAY 
i" % 
a WLM mOAN ta. 
ihe O4V VL \ndeterminate period 


Figure 7 TSC Input and MPU Output 
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a MPU REGISTERS 

The MPU provides several registers in Fig. 8, which is avail- 
able for use by the programmer. 

Each register is described below. 

@ Program Counter (PC) ' 

The program counter is a two byte (16-bit) register that 
points to the current program address. 

@ Stack Pointer (SP) 

The stack pointer is a two byte register that contains the 
address of the next available location in an external push-down/ 
pop-up stack, This stack is normally a random access Read/ 
Write memory that may have any location (address) that is con- 
venient. In those applications that require storage of informa- 
siD8 a the stack when power is lost, the stack must be non- 
volatile. 


@ Index Register (IX) 
The index register is a two byte register that is used to store 


data or a sixteen bit memory address for the Indexed mode of 


memory addressing. 
® Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit (ALU). 


~ 
oO 


ACCA Accumulator A 


~ 
oO 


ACCB Accumulator B 


i 


= 
ao 


| 


Index Register 


= 
a 
fo} 


5 


7 


Program Counter 


= 
oO 


Stack Pointer 


° 





Condition Codes 
Register 

Carry (From Bit 7) 

Overflow 


IE Half Carry 


Zero 

Negative 
interrupt Mask 
(From Bit 3) 


Figure 8 Programming Model of the Microprocessing 
Unit 


@ Condition Code Register (CCR) 

The condition code register indicates the results of an Arith- 
metic Logic Unit operation: Negative (N), Zero (Z), Overflow 
(V), Carry from bit 7 (C), and half carry from bit 3(H). These 
bits of the Condition Code Register are used as testable condi- 
tions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit (I). The unused bits of the Condition Code 
Register (b6 and b7) are “1”. The detail block diagram of the 
microprossing unit is shown in Fig. 9. 


Address Bus Address Bus 
{H) A,~A,, (LD AL~A, 


Vector Address 
Generator 


Stack Pointer (L) 


tncramenter (L) 





NMitaa “HALT = - RES. 


S 
Interrupt RESET 
Control Controt 
Ld) | 


—— 


Branch 
Condition 
Control 





























Register, 
ALU Control 


instruction Decoder ROM 


























§ 
Sis Ganecieay © eaten Program Counter (L) 
300 
FA gt index Register (H) 
£s> 

é 






Index Register (L) 4 
Pmt 






Instruction 
Register 







Three State 
Buffer 


Dete Bus for Instruction 


Data Bus 
D,~0, 
Figure 9 Internal Block Diagram of MPU 


® MPU SIGNAL DESCRIPTION 

Proper operations of the MPU requires that certain control 
and timing signals (Fig. 9) be provided to accomplish specific 
functions. The functions of pins are explained in this section. 
@ Clock (¢2,¢2) 

Two pins are used to provide the clock signals. A two-phase 
non-overlapping clock is provided as shown in Fig. 10. 


9 

2 
Vinc = Veco — 0.6V (min.)} si 
Vite = Vsg+0.4V (max.) 
Vov = Vss + 0.6V 


Figure 10 Clock Timing Waveform 


@ Address Bus (Ay~A,;) 

Sixteen pins are used for the address bus. The outputs are 
three-state bus drivers capable of driving one standard TTL load 
and 90pF. When the output is turned off, it is essentially an 
open circuit. This permits the MPU to be used in DMA applica- 
tions. Putting TSC in its high state forces the Address bus to go 
into the three-state mode. 

@ Data Bus (D)~D-) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. Data Bus is placed in the 
three-state mode when DBE is “Low.” 
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Figure 11 Read from Memory or Peripherals 
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Figure 12 Write to Memory or Peripherals 
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@ Data Bus Enable (DBE) 

This input is the three-state control signal for the MPU data 
bus and will enable the bus drivers when in the “High” state; will 
make the bus driver off when in the “Low” state. This input is 
TTL compatible; however in normal operation, it would be 
driven by $2 clock. During an MPU read cycle, the data bus 
drivers will be disabled internally. When it is desired that an- 
other device control the data bus such as in Direct Memory 
Access (DMA) applications, DBE should be held “Low.” 

If additional data setup or hold time is required on an MPU 
write, the DBE down time can be decreased as shown in Fig. 13 
(DBE * ¢,). The minimum down time for DBE is tppg as 
shown and must occur within ¢, up time. As for the charac- 
teristical values in Fig. 12, refer to the table of electrical charac- 
teristics. 

@ Bus Available (BA) 

The BA signal will normally be in the “Low” state. When 
activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is avail- 
able. This will occur if the HALT line is in the ‘‘Low” state 
or the processor is in the WAIT state as a result of the execution 
of a WAIT instruction. At such time, all three-state output 
drivers will go to their off state and other outputs to their 
normally inactive level. The processor is removed from the 
WAIT state by the occurrence of a maskable (mask bit I = 0) or 
nonmaskable interrupt. This output is capable of driving one 
standard TTL load and 30pF. If TSC is in the “High” state, Bus 
Available will be “Low”. 


@ Read/Write (R/W) 
This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 





«| slelrle 





Write (“Low”) state. The normal! standby state of this signal is 
Read (“High”). Three-State Control going “High” will turn R/W 
to the off (high impedance) state. Also, when the processor is 
halted, it will be in the off state. This output is capable of 
driving one standard TTL load and 90pF. 

© Reset (RES) 

The RES input is used to reset and start the MPU from a 
power down condition resulting from a power failure or initial 
start-up of the processor. This input can also be used to re- 
initialize the machine at any time after start-up. 

If a “High” level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset sequence, the 
contents of the last two locations (FFFE, FFFF) in memory 
will be loaded into the Program Counter to point to the begin- 
ning of the reset routine. During the reset routine, the interrupt 
mask bit is set and must be cleared under program control 
before the MPU can be interrupted by IRQ. While RES is 
“Low” (assuming a minimum of 8 clock cycles have occured) 
the MPU output signals will be in the following states; VMA = 
“Low”, BA = “Low”, Data Bus = high impedance, R/W = ‘“‘High” 
(read state), and the Address Bus will contain the reset address 
FFFE. Fig. 13 illustrates a power up sequence using the Reset 
control line. After the power supply reaches 4.75V, a minimum 
of eight clock cycles are required for the processor to stabilize 
in preparation for restarting. During these eight cycles, VMA will 
be in an indeterminate state so any devices that are enabled by 
VMA which could accept a false write during this time (such as 
a battery-backed RAM) must be disabled until VMA is forced 
“Low” after eight cycles. RES can go “High” asynchronously 
with the system clock any time after the eighth cycle. 
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The Reset control line may also be used to reinitialize the 
MPU system at any time during its operation. This is accomp- 
lished by pulsing RES “Low” for the duration of a minimum of 
three complete ¢, cycles. The RES pulse can be completely 
asynchronous with the MPU system clock and will be recog- 
nized during ¢, if setup time tpcs is met. 

@ Interrupt Request ({RQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until 
it completes the current instruction that is being executed 
before it recognizes the request. If the interrupt mask bit in the 
Condition Code Register is not set, the machine will begin an 
interrupt sequence. The Program Counter, Index Register, 
Accumulators, and Condition Code Register are stored away on 
the stack. 

Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit “1” so that no further inter- 
rupts may occur. At the end of the cycle, a 16-bit address will 
be loaded that points to a vectoring address which is located in 
memory locations FFF8 and FFF9. An address loaded at these 
locations causes the MPU to branch to an interrupt routine in 
memory. Interrupt timing is shown in Fig. 14. 

The HALT line must be in the “High” state for interrupts 
to be serviced. Interrupts will be latched internally while HALT 
is “Low”. The IRQ has a high impedance pullup device internal 
to the chip; however a 3k{) external resistor to Vcc should be 
used for wire-OR and optimum control of interrupts. 
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@ Non-Maskable Interrupt (NMI) and Wait for Interrupt (WAI) 

The MPU is capable of handling two types of interrupts: 
maskable (RQ) as described earlier, and non-maskable (NMI). 
IRQ is maskable by the interrupt mask in the Condition Code 
Register while NMI is not maskable. The handling of these inter- 
rupts by the MPU is the same except that each has its own 
vector address. The behavior of the MPU when interrupted is 
shown in Fig. 14 which details the MPU response to an interrupt 
while the MPU is executing the control program. The interrupt 
shown could be either TRO or NMI and can be asynchronous 
with respect to ¢,. The interrupt is shown going “Low” at 
time tpcs in cycle #0 which precedes the first cycle of an in- 
struction (OP code fetch). This instruction is not executed but 
instead the Program Counter (PC), Index .Register (IX), 
Accumulators (ACCX), and the Condition Code Register (CCR) 
are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched from 
FFFC, FFFD for an NMI interrupt and from FFF8, FFF9 for 
an IRQ interrupt. Upon completion of the interrupt service 
routine, the execution of RTI will pull the PC, Ix, ACCX, and 
CCR off of the stack; the Interrupt Mask bit is restored to its 
condition prior to interrupts. Fig. 15 is a similar interrupt se- 
quence, except in this case, a WAIT instruction has been ex- 
ecuted in preparation for the interrupt. This technique speeds 
up the MPU’s response to the interrupt because the stacking of 


Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle 
#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 | #11 1 #12 | #13 | #14 
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Figure 14 Interrupt Timing 
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the PC, IX, ACCX, and the CCR is already done. 

While the MPU is waiting for the interrupt, Bus Available will 
go “High” indicating the following states of the control lines: 
VMA is “Low”, and the Address Bus, R/W and Data Bus are all 
in the high impedance state. After the interrupt occurs, it is 
serviced as previously described. 


Table 1 Memory Map for Interrupt Vectors 





Vector 





Description 









Restart 
Non-maskable Interrupt 


Software Interrupt 
Interrupt Request 











Refer to Figure 18 for program flow for Interrupts. 


@ Three State Control (TSC) 

When the Three State Control (TSC) line is “High” level, the 
Address Bus and the R/W line are placed in a high impedance 
State. VMA and BA are forced “Low” when TSC = “High” to 
prevent false reads or writes on any device enabled by VMA. 
It is necessary to delay program execution while TSC is held 
“High”. This is done by insuring that no transitions of ¢, (or 
$2) occur during this period. (Logic levels of the clocks are 
irrelevant so long as they do not change.) 

Since the MPU is a dynamic device, the ¢, clock can be 
stopped for a maximum time PWcy) without destroying data 
within the MPU. TSC then can be used in a short Direct Me- 
mory Access (DMA) application. 


Fig. 16 shows the effect of TSC on the MPU. The Address 


Bus and R/W line will reach the high impedance state at tsp 
(three-state delay), with VMA being forced “Low”. In this 
example, the Data Bus is also in the high impedance state while 
$2 is being held “Low” since DBE=¢2. At this point in time, a 
DMA transfer could occur on cycles #3 and #4. When TSC is 
returned “Low,” the MPU address and R/W lines return to the 
bus. Because it is too late in cycle #5 to access memory, this 
cycle is dead and used for synchronization. Program execution 
resumes in cycle #6. 





@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active “High” 
signal. 

@ Halt (HALT) 

When this input is in the “Low” state, all activity in the 
machine will be halted. This input is level sensitive. 

The HALT line provides an input to the MPU to allow con- 
trol or program execution by an outside source. If HALT is 
“High”, the MPU will execute the instructions; if it is “Low”, 
the MPU will go to a halted or idle mode. A response signal, 
Bus Available (BA) provides an indication of the current MPU 
status. When BA is “‘Low’’, the MPU is in the process of execut- 
ing the control program; if BA is ‘“‘High”, the MPU has halted 
and all internal activity has stopped. aoe 

When BA is “‘High”’,, the Address Bus, Data Bus, and R/W line 
will be in a high impedance state, effectively removing the 
MPU from the system bus. VMA is forced “Low” so that the 
floating system bus will not activate any device on the bus that 
is enabled by VMA. 

While the MPU is halted, all program activity is stopped, and 
if either an NMI or IRQ interrupt occurs, it will be latched into 
the MPU and acted on as soon as the MPU is taken out of the 
halted mode. If a RES command occurs while the MPU is 
halted, the following states occur: VMA = “‘Low”, BA = “Low” 
Data Bus = high impedance, R/W = “High” (read state), ai and 
the Address Bus will contain address FFFE as long as RES is 
“Low”. As soon as the HALT line goes “‘High”, the MPU will 
go to locations FFFE and FFFF for the address of the reset 
routine. 

Fig. 18 shows the timing relationships involved when halting 
the MPU. The instruction illustrated is a one byte, 2 cycle in- 
struction such as CLRA. When HALT goes “Low”, the MPU 
will halt after completing execution of the current instruction. 
The transition of HALT must occur tpcs before the trailing edge 
of ¢, of the last cycle of an instruction (point A of Fig. 18). 
HALT must not go “Low” any time later than the minimum 
tpcs specified. 
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Figure 17 MPU Interrupt Flow Chart 
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Figure 18 HALT and Single Instruction Execution for System Dubug 


Table 2 Operation States of MPU and Signal Outputs (Except the Execution of Instruction) 


Signals 


VMA 


RW 
Ao ~ Ais 


Do ~ 0, 





Halt and 








Halt state Reset state Roset state WAI state TSC state 
ie at ia 
ae zs at 
Te “HY! “H" oo oi Re 
pe (FFFE) 16 (FFFE),6 a ed ey 
ets colle = 


“T"’ indicates high impedance state. 


The fetch of the OP code by the MPU is the first cycle of the 
instruction. If HALT had not been ‘‘Low” at Point A but went 
“Low” during ¢, of the cycle, the MPU would have halted after 
completion of the following instruciton. BA will go ‘“‘High” by 
time tga (bus available delay time) after the last instruction 
cycle. At this point in time, VMA is “Low” and R/W, Address 
Bus, and the Data Bus are in the high impedance state. 

To debug programs it is advantageous to step through pro- 
grams instruction by instruction. To do this, HALT must be 
brought ‘‘High” for one MPU cycle and then returned “‘Low” as 
shown at point B of Fig. 18. Again, the transitions of HALT 
must occur tpcs before the trailing edge of ¢,. BA will go 
“Low” at tga after the leading edge of the next ¢, , indicating 
that the Address Bus, Data Bus, VMA and R/W lines are back 
on the bus. A single byte, 2 cycle instruction such as LSR is 
used for this example also. During the first cycle, the instruction 
Y is fetched from address M+1. BA returns “High” at tga on 
the last cycle of the instruction indicating the MPU is off the 
bus, if instruction Y had been three cycles, the width of the BA 
“Low” time would have been increased by one cycle. 

Table 2 shows the relation between the state of MPU and 


signal outputs. 
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8 MPU INSTRUCTION SET 

This Section will provide a brief introduction and discuss 
their use in developing HD6800 MPU control programs. The 
HD6800 MPU has a set of 72 different executable source 
instructions. Included are binary and decimal arithmetic, logical, 
shift, rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions. 

Each of the 72 executable instructions of the source language 
assembles into 1 to 3 bytes of machine code. The number of 
bytes depends on the particular instruction and on the address- 
ing mode. (The addressing modes which are available for use 
with the various executive instructions are discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of the 
binary codes, which result from the translation of the 72 in- 
structions in all valid modes of addressing, are shown in Table 3. 
There are 197 valid machine codes, 59 of the 256 possible codes 
being unassigned. 

When an instruction translates into two or three bytes of 
code, the second byte, or second and third bytes contain(s) an 
operand, an address, or information from which an address is 
obtained during execution. 
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memory locations. In addition, the HD6800 MPU allow the 
MPU to treat peripheral devices exactly like other memory 
locations, hence, no I/O instructions as such are required. Be- 
cause of these features, other classifications are more suitable 
for introducing the HD6800’s instruction set: (1) Accumu- 
lator and memory operations; (2) Program control operations; 
(3) Condition Code Register operations. 

For Accumulator and Memory Operations, refer to Table 4. 


Microprocessor instructions are often devided into three 
general classifications; (1) memory reference, so called because 
they operate on specific memory locations; (2) operating in- 
structions that function without needing a memory reference; 
(3) I/O instructions for transferring data between the micro- 
processor and peripheral devices. 

In many instances, the HD6800 MPU performs the same 
operation on both its internal accumulators and the external 


Table 3 Hexadecimal Values of Machine Codes 




















































































































































DEX 
: (MP) (MP) |aiMP) (IMP) = GMP) (IMP) (MP) | (IMP) 
Say a =a Fi + T — 
1 SBA CBA 7 - DAA . ABA : . : ; 
(A,B) (A,B) S ee ‘ (IMP) (IMP) 
——t +— + —+ + + + t 
2 BRA BHI BLS BCC BCS BVC BVS BPL BMI , BGE BLT BGT BLE 
4 (REL) i by (REL) [(REL) (REL) {REL) (REL) (REL) 4 (REL) (REL) (REL) (REL) (REL) (REL) 
: TSX INS PUL |PUL |DES  |Txs . ")RTS RTI [ [wat [swt 
(imp) |(IMP) | (A) (B) (IMP) | (IMP) (IMP) i (IMP) - (IMP) | (IMP) 
+ 7 + “t ie i t ale “+ 
4 NEG COM LSR ASL ROL DEC e INC TST - CLR 
(A) . * (A) (A) . (A) (A) (A) (A) (A) A) 
1 ub L + 4. de 
5 NEG i COM LSR . ASL ROL DEC INC TST . CLR 
(B) + (B) (B) (B) (B) (B) . (B) (B) (B) 
| + + + + + + 4 7 
6 NEG COM LSR ASL ROL DEC INC TST JMP CLR 
(IND) i a (IND) | (IND) 7 (IND) | (IND) | (IND) : (IND) = |{IND) |(IND) — | (IND) 
+. + + + + + + 
7 NEG COM LSR ASL ROL DEC INC TST JMP CLR 
(ExT) . * text) | (ext) . we (EXT) (EXT) | (EXT) Z (EXT) EXT) (ExT) (ExT) 
t =a i + t + 
SUB CMP SBC AND BIT LDA EOR ADC ORA ADD si CPX BSR LDS 
® timmy) mm") umm”) by | conan!) aan umm)! amy? amy? amy”! canna | cana {REL) MM) - 
+ 1 ao as 1 + —— 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD CPX LDS STs 
A A A * A A A A A * 
2 | ‘Orr’ ‘01 oir)! (wiry? coun) (own) coir)! (oi) (oiny! ‘Loin’ "101ey' ‘oir! } (DIR) =| (DIR) 
+ | 1 | 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD CPx JSR LDS STS 
a ano) aor‘) anor) a ano)" ao)” ano)? np)? ano) uno)? uno)? np)? ano)! {IND} (IND) (IND) 
T = 7 am t - aK 4 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD CPX JSR LDS STs 
is ext) ext” (ext!) * text}? ext!) exrl™ (Ext ext) (ext (ext) ext ext ext) ext) ext) 
=~ +— +. + + + af 
SUB CMP SBC AND BIT LDA EOR ADC ORA ADD LDX 
c may) [canara amuye)) umm) cammy®) ammy®) * am}? ammy®) ama} cimmye 3 ei * (mm) > 
T aa a + —— + ro + 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD LOX STXx 
D [corny (orn! (o1R) "2 i (pir)? (oir) (oir)? (oir) (oir) (oir)? (oir) corr)” i . corny) cory" 
iB + mit ai pata aa 7 T 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD LDX STX 
ig unoy® any? unp)'8)) + canny) any annoy | annoy © dav)” | no)!" any? ano)! * “ (IND) = {{IND) 
T sf Tt - T 1 + _t 
SUB CMP SBC AND BIT LDA STA EOR ADC ORA ADD LDX STX 
c BO exrl™ exri®) * text? |rexty™ ext l® text i® ext ext text!) * . (EXT) (EXT) 








DIR = Direct Addressing Mode 
EXT = Extended Addressing Mode 
IMM = Immediate Addressing Mode 


IND = tndex Addressing Mode 
IMP = Implied Addressing Mode 
REL = Relative Addressing Mode 


A= Accumulator A 
B = Accumulator B 
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Operation Mnemonic 
Add ADDA 
ADOB 
Add Acmitrs ABA 
Add with Carry ADCA 
ADCB 
And ANDA 
ANDB 
Bit Test BITA 
BITB 
Clear CLR 
CLRA 
CLRB 
Compare CMPA 
CMPB 
Compare Acmitrs CBA 
Complement, 1's COM 
COMA 
COMB 
Complement, 2's NEG 
(Negate) NEGA 
NEGB 
Decimal Adjust, A DAA 
Decrement DEC 
DECA 
DECB 
Exclusive OR EORA 
EORB 
tncrement INC 
INCA 
INCB 
Load Acmitr LDAA 
LDAB 
Or, tnclusive ORAA 
ORAB 
Push Data PSHA 
PSHB 
Pull Data PULA 
PULB 
Rotate Left ROL 
ROLA 
ROLB 
Rotate Right ROR 
RORA 
RORB 
Shift Left, Arithmetic ASL 
ASLA 
ASLB 
Shift Right, Arithmetic ASR 
ASRA 
ASRB 
Shift Right, Logic LSR 
LSRA 
LSRB 
Store Acmitr STAA 
STAB 
Subtract SUBA 
suBB 
Subtract Acmitrs SBA 
Subtr with Carry SBCA 
SBCB 
Transfer Acmitrs TAB 
TBA 
Test Zero or Minus TST 
TSTA 
TSTB 
LEGEND: 
OP Operation Code (Hexadecimal) 
~ Number of MPU Cycles 
# = Number of Program Bytes 
+ = Arithmetic Plus 
- = Arithmetic Minus 
* Boolean AND 
Msp Contents of memory location 


pointed to be Stack Pointer 


Table 4 Accumulator and Memory Operations 


Addressing Modes 












































2 ere Boolean/ 
IMMED DIRECT [INDEX EXTND | IMPLIED Arithmetic Operation 
OP ~ # OP~# | OP~# | OP~# | OP~# 
8B {2/2/98 /3/2|AB;5/2| 8B} 4 A+M7A 
CB} 2/2|08\/3/2)€8/5/2|/FB/4 B+M—>B 
211, A+BoA 
89 |}2/2'99 |}3/2)A9|5/2),89)4 A+M+CrA 
c9 }2/2/09/3;2/)&/;5/2)F9/4 B+M+C-B 
84 12/2/94 /312;A4|/5/2;, 84/4 AsM >A 
c4/2/2/;04)3/21€4!5/2/F4)4 B-M>B 
85 |}2)}2/95{3!2)/A5{5)2)|B5/4 AoM 
c5 }2/2/05|3!2/e5/5/2;F5] 4 B-M 
6F |7;2/}7F/6 00-M 
2/1); 00-A 
2/1/00-8 
81 1212/91 13)2)A1\512)B1\4 A-M 
c1}2/2/D1'3/2/&1;5/2)F114 B-M 
. 2+}1)/A-B 
63 171217316 MoM 
2/1, AA 
2/1|/5+8 
60 |7/2| 70/6 00—~M>M 
2}1/00—A 7A 
2/1|/00—B-8 
211] Converts Binary Add of BCD 
Characters into BCD Format 
6A|7/2/7A|6 M—-17M 
2/1; A-17A 
2;1;B-17>8 
88 | 2/2/98 |3|2|A8|5/2; 88/4 A@MrA 
c8/2/2/08;3\2/£&8/5)2/F8| 4 BOMB 
6C/}7/2|7C16 M+1+>M 
2;/1/ At+17A 
2/1;/B+1+8 
86 [2/2/96 | 3/2|A6/ 5/2 | BE; 4 MA 
C6 | 2);2/06)3;2/&6|5;2/FE| 4 M~B 
8A}2}2!9A|3/2!AA/5/2] BA! 4 A+M~A 
CA} 2/)2|]DA}3|2/EA/5|2/ FA) 4 B+M—>B 
4/1] A- Msp, SP — 1-> SP 
4/1| B-> Msp, SP — 1- SP 
4/1| SP+1—-SP,Msp>oA 
4/1] SP +1—+SP,Msp>B 
69 | 7/2/7916 M 
2/1 a Co> mmm) 
2/1) 8 C b7 + bO 
66 | 7|2|76)| 6 M 
2|1 a| Cos oom 
211\8 C b7 ~ bO 
68 | 7;2| 78/6 M Pe 
2/1 a | De aItom=0 
2/1/18 Cc b7 bo 
67|7;2/77/6 M 
2\1 a Ceootom +o 
2;1/8 b7 bo C 
64|7)2)74)6 M 
2/1 al 0 -artton+o 
2/118) b7 bo C 
97 |4\2)A7)6)2) 87) 5 A7M 
07/4{/2|)€&7/6)2)F7) 5 BoM 
80 | 2/2190 |3/2|A0|/ 5/2/60) 4 A-M-~A 
co |2/2)00|3\2/60;5/2|FO| 4 B-M-~B 
2/1); A-B-+A 
82 |2|)2/92/3/2;A2|5|/2)B2| 4 A-M-C7A 
C2/2/2/02;3|2/E&2|5;/2/F2| 4 B-M-C~+B 
2/1|/A7>B 
2/1; BA 
6D|7{2/70| 6 M —00 
2/1} A-—0O 
2/1; B—00 
CONDITION CODE SYMBOLS: 
+ Boolean Inclusive OR H_ Half-carry from bit 3 R_ Reset Always 
+) Boolean Exclusive OR | Interrupt mask S Set Always 
M = Complement of M N_ Negative (sign bit) t 
— Transfer Into Z Zero (byte) @ Not Affected 
QO Bit = Zero V_ Overflow, 2's complement 
00 Byte = Zero C Carry from bit 7 


(Note) Accumulator addressing mode instructions are included in the column for IMPLIED addressing. 


CONDITION CODE REGISTER NOTES: 
(Bit set if test is true and cleared otherwise) 


@@®H ©8080 


(Bit V) 
(Bit C) 
(Bit C) 


Test: 
Test: 
Test: 


Result = 10000000? 
Result # 00000000? 
Decimat value of most significant BCD Character greater than nine? 


(Not cleared if previously set.) 


(Bit V) 
(Bit V) 
(Bit V) 


Test: 
Test: 
Test: 


Operand = 10000000 prior to execution? 
Operand = 01111111 prior to execution? 
Set equal to result of N@C after shift has occurred, 
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Test and set if true, cleared otherwise 
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= PROGRAM CONTROL OPERATIONS 

Program Control operation can be subdivided into two cate- 
gories: (1) Index Register/Stack Pointer instructions: (2) Jump 
and Branch operations. 

@ Index Register/Stack Pointer Operations 

The instructions for direct operation on the MPU’s Index 
Register and Stack Pointer are summarized in Table 5. Decre- 
ment (DEX, DES), increment (INX, INS), load (LDX, LDS), 
and store (STX, STS) instructions are provided for both. The 
Compare instruction, CPX, can be used to compare the Index 
Register to a 16-bit value and update the Condition Code 
Register accordingly. 

The TSX instruction causes the Index Register to be loaded 
with the address of the last data byte put onto the “stack”. 
The TXS instruction loads the Stack Pointer with a value equal 
to one less than the current contents of the Index Register. This 
causes the next byte to be pulled from the “stack” to come 
from the location indicated by the Index Register. The utility of 
these two instructions can be clarified by describing the ‘“‘stack”’ 
concept relative to the HMCS 6800 system. 

The “stack” can be thought of as a sequential list of data 
stored in the MPU’s read/write memory. The Stack Pointer 
contains a 16-bit memory address that is used to access the list 
from one end on a last-in-first-out (LIFO) basis in contrast to 
the random access mode used by the MPU’s other addressing 
modes. 

The HD6800 MPU instruction set and interrupt structure 
allow extensive use of the stack concept for efficient handling 
of data movement, subroutines and interrupts. The instructions 
can be used to establish one or more “stacks” anywhere in read/ 
write memory. Stack length is limited only by the amount of 
memory that is made available. 

Operation of the Stack Pointer with the Push and Pull in- 
structions is illustrated in Figs. 19 and 20. The Push instruction 
(PSHA) causes the contents of the indicated accumulator (A in 
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this example) to be stored in memory at the location indicated 
by the Stack Pointer. The Stack Pointer is automatically de- 
cremented by one following the storage operation and is “‘point- 
ing” to the next ernpty stack location. 

The Pull instruction (PULA or PULB) causes the last byte 
stacked to be loaded into the appropriate accumulator. The 
Stack Pointer is automatically incremented by one just prior to 
the data transfer so that it will point to the last byte stacked 
rather than the next empty location. Note that the PULL 
instruction does not “remove” the data from memory; in the 
example, 1A is still in location (mt+1) following execution of 
PULA. A subsequent PUSH instruction would overwrite than 
location with the new ‘“‘pushed”’ data. 

Execution of the Branch to Subroutine (BSR) and Jump to 
Subroutine (JSR) instructions cause a return address to be 
save on the stack as shown in Figs. 21 through 23. The stack is 
decremented after each byte of the return address is pushed 
onto the stack. For both of the these instructions, the return 
address is the memory location following the bytes of code that 
correspond to the BSR and JSR instruction. The code required 
for BSR or JSR may be either two or three bytes, depending on 
whether the JSR is in the indexed (two bytes) or the extended 
(three bytes) addressing mode. Before it is stacked, the Program 
Counter is automatically incremented the correct number of 
times to be pointing at the location of the next instruction. The 
Return from Subroutine instruction, RTS, causes the return 
address to be retrieved and loaded into the Program Counter as 
shown in Fig. 24. 

There are several operations that cause the status of the MPU 
to be saved on the stack. The Software Interrupt (SWI) and Wait 
for Interrupt (WAI) instructions as well as the maskable (IRQ) 
and non-maskable (NMI) hardware interrupts all cause the 
MPU’s internal registers (except for the Stack Pointer itself) to 
be stacked as shown in Fig. 25. MPU status is restored by the 
Return from interrupt, RTI, as shown in Fig. 26. 


Table 5 Index Register and Stack Pointer Instructions 












































Addressing Modes Cond. Code Reg. 
: . ee Th al Boolean/ 

Operation Mnemonic IME RIED Arithmetic Operation lB Ok 
N{Zjivic 

Compare Index Reg (XH) — (M), (XL) — (M+1) @e/e|@D!itj@ie 
Decrement Index Reg DEX 09/4/1);x~1~xX @elele;/tiele 
Decrement Stack Pntr DES 34} 4)1;SP—1—>SP eleleleleie 
increment Index Reg INX 08) 4/1)/X+1>X elejel/tiele 
Increment Stack Pntr INS 31 |}4)1)]SP+1— SP elelelejele 
Load Index Reg LDX CE|3|3|DE| 4/2 /EE 3 M—> Xu, (M41) > X @el;ei@\ t/Rie 
Load Stack Pntr LDS 8E}3/3/9E&|4)2 /AE 3 M > SP, (M+1)— SP, el/ei@/tiRie 
Store Index Reg STX DF| 5/2 /|EF 3 XH7M,X_7 (M+ 1) el/ei@\tiRie 
Store Stack Pntr STS 5|2 3 SPi4 > M, SP, > (M+ 1) eje/@/t\|R\e 
Index Reg > Stack Pntr xX—1-> SP elelelelele 
Stack Pntr > Index Reg SP+17X eleleleleleo 






















































® (BitN) Test: Sign bit of most significant (MS) byte of result = 1? 
@® (Bit V) Test: 2’s complement overflow from subtraction of ms bytes? 
@® (BitN) Test: Result less than zero? (Bit 15 = 1) 
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MPU 


Data Bus 


Previously 
Stacked 
Data 


Next Instr. 


(a) Before PSHA 








MPU 


ACCA 





m-2 
SP -——> m-1 


New Data m 


m+1 
Previously 
Stacked m+2 
Data 
mt+3 






—— 


PSHA 


Next Instr. 


(b) After PSHA 


Figure 19 Stack Operation (Push Instruction) 


MPU 






m-1 


sP-————~ m 


m+1 
Previously 
Stacked m+2 
Data 
m+3 







[Cosa 


PULA 


(a) Before PULA 


MPU 


ACCA 





SsP——~ m+1 


m+2 
Previously 
Stacked m+3 
Data 


PC ———= 


(b) After PULA 


Figure 20 Stack Operation (Pull Instruction) 
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(n+2)H 


7E 










Next Main Instr. 





*K = Signed 7-Bit Value 
PC—(n+2) +K 


(a) Before Execution (b) After Execution 


Figure 21 Program Flow for BSR 






















ae 

aS, 

a 

PC n n 
a 

ieee 

Pc : 


(a) Before Execution (b) After Execution 


Figure 22 Program Flow for JSR (Extended) 


(S formed from 
SH and SL) 
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a 
m=1 ae m=1 (n+2)H 
sPp——~m m (n+2)L 
m+1 7E m+1 


PC——en n JSR = AD 
n+1 K* = Offset n+1 K*> Offset 


n+2 Next Main Instr. n+2 Next Main Instr. 





*K = 8-Bit Unsigned Value PC—> X** 4K 1st Subr. Instr 





**Contents of Index Register 


(a) Before Execution (b) After Execution 


Figure 23 Program Flow for JSR (Indexed) 









m-1 (n+3)H 
m (n+3)L (n+3)L 
m+1 7E 
n n JSR = BD 
n+1 Sy = Subr. Addr. n+1 Sy = Subr. Addr. 
n+2 S_ = Subr. Addr. nt+2 S_ = Subr. Addr. 
nt3 Next Main Instr. PC—— +3 Next Main Instr. 
Last Subr. Instr. Last Subr. Instr. 
PC ——> Sp, 





(a) Before Execution {b) After Execution 


Figure 24 Program Flow for RTS 
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Software Interrupt 


Main Program 


Wait 


Stack MPU c—> 
Register Contents 


Swi 


FFFA 
FFFB 





for 


Interrupt 
Main Program 


n | 3F = SWI nN] 3E =WAI 
nt att 


Interrupt Memory Assignment 


FFF8 
FFF 
FFFA 
FFFB 
FFFC 
FFFD 
FFFE 
FFFF 








Restart 












Hardware Interrupt or 
Non-Maskabie interrupt (NMI) 
Main Program 


n {Last Prog. Byte 


Acmitr. B 
Acmitr. A 
Index Register (X44) 
Index Register (X, ) 


PC(n+1)H 





(CCR 4 


First Instr. 


Addr. Formed 


> By Fetching 


2-Bytes From 


Per. Mem. 
Assign. 


(NOTE) MS = Most Significant Address Byte 
LS = Least Significant Address Byte 


Figure 25 Program Flow for !nterrupts 
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Continue Main Prog. 


n+1 |Next Main Instr. 





Wait Loop 


Set Interrupt 
Mask (CCR 4) 





Load Interrupt 
Vector Into 
Program Counter 






interrupt Program 


1st Interrupt Instr. 


“™ NMI 
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SP——+ m-7 
m-6 CCR 
m-5 ACCB 
m-4 ACCA 
m-3 Xp (Index Reg) 
m-2 X _ (Index Reg) 
m-1 PC(n+1)H 


m PC(n+1)L 





nt+1 Next Main Instr. 





PC———> Sn 


(a) Before Execution 








(b) After Execution 


Figure 26 Program Flow for RTI 


@ Jump and Branch Operation 

The Jump and Branch instructions are summarized in Table 
6. These instructions are used to control the transfer of opera- 
tion from one point to another in the control program. 

The No Operation instruction, NOP, while included here, 
is a jump operation in a very limited sense. Its only effect is to 
increment the Program Counter by one. It is useful during 
program development as a “stand-in” for some other instruc- 
tion that is to be determined during debug. It is also used for 
equalizing the execution time through alternate paths in a con- 
trol program. 

Execution of the Jump Instruction, JMP, and Branch Always, 
BRA, affects program flow as shown in Fig. 27. When the MPU 
encounters the Jump (Index) instruction, it adds the offset to 
the value in the Index Register and uses the result as the address 
of the next instruction to be executed. In the extended address- 
ing mode, the address of the next instruction to be executed is 
fetched from the two locations immediately following the JMP 
instruction. The Branch Always (BRA) instruction is similar to 
the JMP (extended) instruction except that the relative address- 
ing mode applies and the branch is limited to the range within 
~125 or +127 bytes of the branch instruction itself. The opcode 
for the BRA instruction requires one less byte than JMP (ex- 
tended) but takes one more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and Branch to Subroutine (BSR) is shown in Figs. 21 
through 23. Note that the Program Counter is properly in- 


cremented to be pointing at the correct return address before 
it is stacked. Operation of the Branch to Subroutine and Jump 
to Subroutine (extended) instruction is similar except for the 
range. The BSR instruction requires less opcode than JSR (2 
bytes versus 3 bytes) and also executes one cycle faster than 
JSR. The Return from Subroutine, RTS, is used at the end of 
a subroutine to return to the main program as indicated in Fig. 
24. 

The effect of executing the Software Interrupt, SWI, and the 
Wait for Interrupt, WAI, and their relationship to the hardware 
interrupts is shown in Fig. 25. SWI causes the MPU contents to 
be stacked and then fetches the starting address of the interrupt 
routine from the memory locations that respond to the ad- 
dresses FFFA and FFFB. Note that as in the case of the sub- 
routine instructions, the Program Counter is incremented to 
point at the correct return address before being stacked. The 
Return from Interrupt instruction, RTI, (Fig. 26) is used at the 
end of an interrupt routine to restore control to the main 
program. The SWI instruction is useful for inserting break points 
in the control program, that is, it can be used to stop operation 
and put the MPU registers in memory where they can be ex- 
amined. The WAI instruction is used to decrease the time 
required to service a hardware interrupt; it stacks the MPU 
contents and then waits for the interrupt to occur, effectively 
removing the stacking time from a hardware interrupt sequence. 
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Operation 


Branch Always 

Branch Sf Carry Clear 
Branch If Carry Set 
Branch If = Zero 

Branch If 2 Zero 

Branch If > Zero 

Branch !f Higher 

Branch If S Zero 

Branch if Lower Or Same 
Branch If < Zero 

Branch If Minus 

Branch !f Not Equal Zero 
Branch {f Overflow Clear 
Branch If Overfiow Set 
Branch If Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From tnterrupt 
Return From Subroutine 
Software Interrupt 

Wait for Interrupt 


® (AN) 

@ (Bit!) 

PC 

n 

nt+1 

INDXD 

X+K 
BMI N=1; 
BPL. N=0; 
BVC V=0; 
BVS V=1; 
BHI C+Z= 
BLS C+Z= 

BLE 

BGT 


Figure 28 Conditional Branch Instructions 


BRA 
BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 
BLE 
BLS 
BLT 
BMI 
BNE 
BVC 
BVS 
BPL 
BSR 
JMP 
JSR 
NOP 
RTI 
RTS 
swl 
WAI 


Load Condition Code Register from Stack. (See Specia! Operations) 


RELATIVE | 
os ene ae 





Table 6 JUMP/BRANCH Instruction 


Addressing Modes 





INDEX EXTND 





OP 





2 


OPA HAH A AH AAHAH AA 


ip aia T T 


oP|~ | # [OP |~ op| ~ | # 


NNNNNNNNNNN NNN ND DBD / + 


Nn 


7E/3 |3 
BD/9 ;3 


6E | 4 
AD! 8 | 2 
o1; 2/1 
3B 1 
39; 5 |1 

1 

1 








3F 
3E| 9 


























_| 
[iwecieo 
# 
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Cond. Code Reg. 
Branch Test 54 T3]2 | 110 

t— + —+ 
H/IIN/2; VC 
None eljel/eljele,e 
c=0 elie; e|le|eie 
Cc=1 eij/e;eie!e/e 
Z2=1 elj@elele|lele 
N@v=0 @eiele:eieie 
Z+(N@V)=0 eleleielele 
C+2Z2=0 elejele;eje 
Z+(N@Vv)=1 eieiejeiele 
C+Z=1 eiel/eiel!leie 
N@®V=1 elejele|jeie 
N=1 @elel/ele;ej;je 
Zz=0 @ejeleliele,e 
v=0 ei@eleleleie 
V=1 eljei;ele;ieje 
N=0 ejel/eleleje 
eleleleliele 
@iei/el/eiese 
ejeleleleje 
Advances Prog Cntr Only @eielielel|lele 
——— © +} — 
elejijeielele 
eiSj;j@eiei;iej;se 
ei@lelejele 














Set when interrupt occurs. If previously set, a Non-Maskable interrupt is required to exit 
the wait state. 


Main Program 


6E = JMP 
K = Offset 


Next Instruction 


QO; 
1; 


PC Main Program 











n+1 Ky = Next Address 
EXTND n+2 [K, = Next Address 
e 
H 
{a) Jump 


7E = JMP ; 


Main Program 


n| 20=BRA 
n+1 K* = Offset 


e 
e 
e 
Next Instruction 


*K = Signed 7-bit value 


(n+2) 2K 


(b) Branch 


Figure 27 Program Flow for JUMP/BRANCH Instructions 


BEQ 
BNE 


BCC 
BCS 


BLT 
BGE 


22a0 NN 


Z+(N@V)=1; 
Z+(N@V)=0; 


The conditional branch instructions, Fig. 28, consists of 


noi 
-=-00- 
<r <r 
oa 


@®8 
oe 


Z, V, and C: 


seven pairs of complementary instructions. They are used to 
test the results of the preceding operation and either continue 
with the next instruction in sequence (test fails) or cause a 
branch to another point in the program (test succeeds). 

Four of the pairs are used for simple tests of status bits N, 


1. Branch on Minus (BMI) and Branch On Plus (BPL) tests the 
sign bit, N, to determine if the previous result was negative or 


positive, respectively. 
2. Branch On Equal (BEQ) and Branch On Not Equal (BNE) 


are used to test the zero status bit, Z, to determine whether 
or not the result of the previous operation was equal to “0”. 
These two instructions are useful following a Compare (CMP) 
instruction to test for equality between an accumulator and 
the operand. They are also used following the Bit Test (BIT) 
to determine whether or not the same bit positions are set in 
an accumulator and the operand. 
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3. Branch On Overflow Clear (BVC) and Branch On Overflow 
Set (BVS) tests the state of the V bit to determine if the 
previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry Set 
(BCS) tests the state of the C bit to determine if the previous 
operation caused a carry to occur. BCC and BCS are useful 
for testing relative magnitude when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range “00” (lowest) of “FF” (highest). BCC 
following a comparison (CMP) will cause a branch if the 
(unsigned) value in the accumulator is higher than or the 
same as the value of the operand. Conversely, BCS will cause 
a branch if the accumulator value is lower than the operand. 
The Fifth complementary pair, Branch On Higher (BHI) 

and Branch On Lower or Same (BLS) are in a sense comple- 
ments to BCC and BCS. BHI tests for both C and Z = “Q”, if 
used following a CMP, it will cause a branch if the value in the 
accumulator is higher than the operand. Conversely, BLS will 
cause a branch if the unsigned binary value in the accumulator 
is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of opera- 
tions in which the values are regarded as signed two’s comple- 
ment numbers. This differs from the unsigned binary case in the 
following sense: In unsigned, the orientation is higher or lower; 
in signed two’s complement, the comparison is between larger 
or smaller where the range of values is between -128 and +127. 

Branch On Less Than Zero (BLT) and Branch On Greater 
Than Or Equal Zero (BGE) test the status bits for N®V = “1” 
and N ® V = “0”, respectively. BLT will always cause a branch 
following an operation in which two negative numbers were 
added. In addition, it will cause a branch following a CMP in 
which the value in the accumulator was negative and the oper- 
and was positive. BLT will never cause a branch following a 
CMP in which the accumulator value was positive and the 
operand negative. BGE, the complement to BLT, will cause a 
branch following operations in which two positive values 
were added or in which the result was “0”. 

The last pair, Branch On Less Than Or Equal Zero (BLE) and 
Branch On Greater Than Zero (BGT) test the status bits for 
Z ® (N + V)= “1” and Z ®(N + V) = “O”, respectively, 
The action of BLE is identical to that for BLT except that a 
branch will also occur if the result of the previous result was 
“OQ”. Conversely, BGT is similar to BGE except that no branch 
will occur following a “‘0” result. 





® CONDITION CODE REGISTER OPERATIONS 

The Condition Code Register (CCR) is a 6-bit register within 
the MPU that is useful in controlling program flow during sys- 
tem operation. The bits are defined in Fig. 29. 

The instructions shown in Table 7 are available to the user 
for direct manipulation of the CCR. In addition, the MPU auto- 
matically sets or clears the appropriate status bits as many of 
the other instructions on the condition code register was in- 
dicated as they were introduced. 

Systems which require an interrupt window to be opened 
under program control should use a CLI-NOP-SEI sequence 
rather than CLI-SEI. 


b5 b4 b3 b2 b1 bo 
Pate ts tzgyvyie| 
H = Half-carry; set whenever a carry from b3 to b4 of the result is 


generated by ADD, ABA, ADC; cleared if no b3 to b4 
carry; not affected by other instructions. 


| = Interrupt Mask; set by hardware of software interrupt or SEI 
instruction; cleared by CLI instruction. (Normally not used 
in arithmetic operations.) Restored to a “‘0’’ as a result of an 
RTI instruction if IM stored on the stacked is "0" 


N = Negative; set if high order bit (b7) of result is set; cleared 
otherwise. 

Z= Zero; set if result = ‘0’; cleared otherwise. 

V = Overflow; set if there was arithmetic overflow as a result of 
the operation; cleared otherwise. 


C = Carry; set if there was a carry from the most significant bit 
(b7) of the result; cleared otherwise. 


Figure 29 Condition Code Register Bit Definition 


= ADDRESSING MODES 

The MPU operates on 8-bit binary numbers presented to it 
via the Data Bus. A given number (byte) may represent either 
data or an instruction to be executed, depending on where it is 
encountered in the control program. The HD6800 MPU has 
72 unique instructions, however, it recognizes and takes action 
on 197 of the 256 possibilities that can occur using an 8-bit 
word length. This larger number of instructions results from the 
fact that many of the executive instructions have more than 
one addressing mode. 


Table 7 Condition Code Register Instructions 











Addressing 
Mode 
Operations Mnemonic IMPLIED 
oP 

Clear Carry CLC oc 2.) 1 
Clear Interrupt Mask cul OE 2) 1 
Clear Overflow CLV OA 2 1 
Set Carry © SEC oD 2 1 
Set Interrupt Mask SEI OF 2 1 
Set Overflow SEV OB 2 1 
Acmitr A> CCR TAP 06 2 1 
CCR > Acmitr A TPA 07 2 1 
R = Reset 
S = Set 


e = Not affected 
@ (ALL) Set according to the contents of Accumulator A. 
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Cond. Code Reg. 

















Boolean Operation 5141/3] 2 L 1/0 
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These addressing modes refer to the manner in which the 
program causes the MPU to obtain its instructions and data. 
The programmer must have a method for addressing the MPU’s 
internal registers and all of the external memory locations. 

Selection of the desired addressing mode is made by the user 
as the source statements are written. Translation into appropri- 
ate opcode then depends on the method used. If manual trans- 
lation is used, the addressing mode is implied in the opcode. 
For example, the Immediate, Direct, Indexed, and Extended 
modes may all be used with the ADD instruction. The proper 
mode is determined by selecting (hexidecimal notation) 8B, 
9B, AB, or BB, respectively. 

The source statement format includes adequate information 
for the selection if an assembler program is used to generate the 
opcode. For instance, the Immediate mode is selected by the 


Z =Operand Address 







Direct: n 






Example: SUBB Z n+1 
Addr. Range = 0~255 
n+2 


(K = One-Byte Operand) z 


e 
e 
e 


OR 






(K = Two-Byte Operand) Zz 


/\ \ 2S 285, Assembler Select Direct Mode 
1f Z > 255, Extended Mode is selected 


Z+1 






FO Instruction 










Extended: n 
Example: CMPA 2 n+1 
Addr. Range: n+2 
e 
e 
e 
e 
(K = One-Byte Operand) Zz 
OR 
(K = Two-Byte Operand) z 
Z+1 





K _ = Operand 


Assembler whenever it encounters the ‘“‘#” symbol in the 
operand field. Similarly, an “X’’ in the operand field causes the 
Indexed mode to be selected. Only the Relative mode applies 
to the branch instructions, therefore, the mnemonic instruc- 
tion itself is enough for the Assembler to determine addressing 
mode. 

For the instructions that use both Direct and Extended 
modes, the Assembler selects the Direct mode if the operand 
value is in the range 0~255 and Extended otherwise. There are 
a number of instructions for which the Extended mode is 
valid but the Direct is not. For these instructions, the Assembler 
automatically selects the Extended mode even if the operand is 
in the 0~255 range. The addressing modes are summarized in 
Fig. 30. 

















K = Operand 


Immediate: n 


Example: LDAA #K n+1 
(K = One-Byte Operand) 












OR 
(CPX, LDX and LDS) 
n+2 Ky, = Operand 

Example: BNE K n+1 +K = Branch Offset 
Addr. Range: e 
-125 to +129 2 
Relative to n. 

e 

e 


/\ \f Branch Test False, A If Branch Test True. 


Instruction 






Indexed: n 

Example: ADDA Z, X n+1 Z = Offset 
0~255 Relative to 

Index Register, X e 


e 
e 
e 

(Z = 8-Bit Unsigned Value) X+Z 


Figure 30 Addressing Mode Summary 
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®@ Implied (Includes “Accumulator Addressing’ Mode) 

The successive fields in a statement are normally separated 
by one or more spaces. An exception to this rule occurs for in- 
structions that use dual addressing in the operand field and for 
instructions that must distinguish between the two accumu- 
lators. In these cases, A and B are “operands” but the space 
between them and the operator may be omitted. This is com- 
monly done, resulting in apparent four character mnemonics 
for those instructions. 

The addition instruction, ADD, provides an example of dual 
addressing in the operand fields; 


Comment 


ADD CONTENTS OF MEM12 TO ACCA 
ADD CONTENTS OF MEM12 TO ACCB 


Operator Operand 


ADDA MEM12 
or ADDB MEM12 


The example used earlier for the test instruction, TST. also 
applies to the accumulators and uses the “accumulator address- 
ing mode” to designate which of the two accumulators is being 
tested: 


Operator Comment 
TSTB TEST CONTENTS OF ACCB 
or TSTA TEST CONTENTS OF ACCA 


A number of the instructions either alone or together with 
an accumulator operand contain all of the address information 
that is required, that is, “inherent” in the instruction, itself. 
For instance, the instruction ABA causes the MPU to add the 
contents of accumulators A and B together and place the result 
in accumulator A. The instruction INCB, another example of 
“accumulator addressing”, causes the contents of accumulator 
B to be increased by one. Similarly, INX, increment the Index 
Register, causes the contents of the index Register to be in- 
creased by one. 

Program flow for instructions of this type is illustrated in 
Figures 31 and 32. In these figures, the general case is shown 
on the left and a specific example is shown on the right. 
Numerical examples are in decimal notation. Instructions of this 
type require only one byte of opcode. Cycle-by-cycle operation 
of the implied mode is shown in Table 8. 


MPU MPU 


Program 
Memory 





Example 


General Flow 


Figure 31 Implied Addressing 





MPU 


Program 
Memory 





General Flow Example 


Figure 32 Accumulator Addressing 


@ Immediate Addressing Mode 
In the Immediate addressing mode, the operand is the value 
that is to be operated on. For instance, the instruction 


Comment 
LOAD 25 INTO ACCA 


Operator Operand 
LDAA #25 


causes the MPU to “immediately load accumulator A with the 
value 25”; no further address reference is required. The Im- 
mediate mode is selected by preceding the operand value with 
the “#’ symbol. Program flow for this addressing mode is 
illustrated in Fig. 33. 

The operand format allows either properly defined symbols 
or numerical values. Except for the instructions CPX, LDX, and 
LDS, the operand may be any value in the range 0 ~ 255. Since 
Compare Index Register (CPX), Load Index Register (LDX), 
Load Stack Pointer (LDS), require 16-bit values, the immediate 
mode for these three instructions requie two-byte operands. 

Table 9 shows the cycle-by-cycle operation for the im- 
mediate addressing mode. 


MPU 









Program 
Memory 


Program 
Memory 
INSTR PC = 5002 


DATA 


| 


a 





Generali Flow Example 


Figure 33 Immediate Addressing Mode 
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Table 8 Implied Mode Cycle by Cycle Operation 
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Address Mode cle | VMA 
and Instructions Cycle ee Line Address Bus ae Data Bus 
ABA DAA SEC 1 1 Op Code Address 1 Op Code 
ASL DEC SEI 2 
ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next Instruction 
CBA LSR TAB 
CLC NEG TAP 
Cll NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 
DES 1 1 Op Code Address 1 Op Code 
DEX 4 2 1 Op Code Address + 1 1 4 Op Code of Next Instruction 
INS 3 0 Previous Register Contents 1 | Irrelevant Data (NOTE 1) 
INX 4 10) New Register Contents 1 Irrelevant Data (NOTE 1) 
PSH 1 1 Op Code Address 1 Op Code 
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 
iS 23 1 Stack Pointer 0 Accumulator Data 
i i 4 0 Stack Pointer — 1 1 Accumulator Data 
PUL 1 1 Op Code Address 1 | Op Code 
4 2 i Op Code Address + 1 1 | Op Code of Next Instruction 
3 ce) Stack Pointer 1 irrelevant Data (NOTE 1) 
| 4 1 Stack Pointer + 1 1 | QOperand Data from Stack 
TSX my 1 Op Code Address 1 | OpCode 
4 2 1 Op Code Address + 1 1 | Op Code of Next Instruction 
3 0 Stack Pointer 1 Irrelevant Data (NOTE 1) 
4 is) E New Index Register 1 Irrelevant Data (NOTE 1) 
TXS 1 1 Op Code Address 1 | OpCode 
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction 
3 0 Index Register 1 Irrelevant Data 
4 19] New Stack Pointer 1 irrelevant Data 
RTS 1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Irrelevant Data (NOTE 2) 
5 3 0 Stack Pointer 1 Irrelevant Data (NOTE 1) 
4 1 Stack Pointer + 4 1 Address of Next instruction (High Order Byte) 
i 5 1 | Stack Pointer + 2 1 Address of Next Instruction (Low Order Byte) 
WAI 1 r 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Op Code of Next instruction 
3 1 Stack Pointer 0 Return Address (Low Order Byte) 
4 1 Stack Pointer — 1 0 Return Address (High Order Byte) 
9 5 1 Stack Pointer — 2 19) tndex Register (Low Order Byte) 
6 1 Stack Pointer — 3 10] Index Register (High Order Byte) 
7 1 Stack Pointer — 4 0 Contents of Accumulator A 
8 1 Stack Pointer —5 0 Contents of Accumulator B 
9 1 Stack Pointer — 6 (NOTE 3) 1 Contents of Cond. Code Register 
+ + — + 
RTI r 1 1 | Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Irrelevant Data (NOTE 2) 
3 fe) Stack Pointer 1 trrelevant Data (NOTE 1) 
4 1 Stack Pointer + 1 1 Contents of Cond. Code Register from Stack 
10 5 1 Stack Pointer + 2 1 Contents of Accumulator B from Stack 
6 1 Stack Pointer + 3 1 Contents of Accumulator A from Stack 
7 1 Stack Pointer + 4 1 index Register from Stack (High Order Byte) 
8 1 Stack Pointer + 5 1 Index Register from Stack (Low Order Byte) 
9 1 Stack Pointer + 6 1 Next Instruction Address from Stack 
(High Order Byte) 
10 1 Stack Pointer + 7 1 Next Instruction Address from Stack 
(Low Order Byte) 
SWI A 1 Op Code Address ‘ 1 Op Code 
2 1 Op Code Address + 1 1 Irrelevant Data (NOTE 1) 
3 1 Stack Pointer (0) Return Address (Low Order Byte) 
4 1 Stack Pointer — 1 0 Return Address (High Order Byte) 
5 1 Stack Pointer — 2 ie) index Register (Low Order Byte) 
12 6 1 Stack Pointer — 3 0 Index Register (High Order Byte) 
7 1 Stack Pointer — 4 0 Contents of Accumulator A 
8 1 Stack Pointer — 5 0 Contents of Accumulator B 
9 1 Stack Pointer — 6 0 Contents of Cond. Code Register 
10 ie) Stack Pointer — 7 1 Irrelevant Data (NOTE 1) 
1 1 Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte) 
12 1 Vector Address FFFB (Hex) 1 Address of Subroutine (Low Order Byte) 
NOTE 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
NOTE 2. Data is ignored by the MPU. 
NOTE 3. While the MPU is waiting for the interrupt, Bus Available will go “High” indicating the following states of the control tines: VMA is “Low”; Address 


Bus, R/W, and Data Bus are all in the high impedance state. 
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Table 9 Immediate Mode Cycle by Cycle Operation 







Address Mode 
and Instructions 


VMA 
Line 


Op Code Address 





ADD LDA Op Code Address + 1 
AND ORA 

BIT SBC 

CMP SUB 

CPX Op Code Address 





®@ Direct and Extended Addressing Modes 

In the Direct and Extended modes of addressing, the operand 
field of the source statement is the address of the value that is 
to be operated on. The Direct and Extended modes differ only 
in the range of memory locations to which they can direct the 
MPU. Direct addressing generates a single 8-bit operand and, 
hence, can address only memory locations 0 ~ 255; a two byte 
operand is generated for Extended addressing, enabling the MPU 
to reach the remaining memory locations, 256 ~ 65535. An 
example of Direct addressing and its effect on program flow is 
illustrated in Fig. 34. 

Table 10 shows the cycle-by-cycle operations of this mode. 

The MPU, after encountering the opcode for the instrution 
LDAA (Direct) at memory location 5004 (Program Counter = 
5004), looks in the next location, 5005, for the address of the 
operand. It then sets the program counter equal to the value 
found there (100 in the example) and fetches the operand, in 


Address Bus 















Op Code Address + 1 
Op Code Address + 2 













Data Bus 


Line 


this case a value to be loaded into accumulator A, from that 
location. For instructions requiring a two-byte operand such as 
LDX (Load the Index Register), the operand bytes would be 
retrieved from locations 100 and 101. 

Extended addressing, Fig. 35, is similar except that a two- 
byte address is obtained from locations 5007 and 5008 after the 
LDAB (Extended) opcode shows up in location 5006. Extended 
addressing can be thought of as the “‘standard”’ addressing 
mode, that is, it is a method of reaching anyplace in memory. 
Direct addressing, since only one address byte is required, 
provides a faster method of processing data and generates fewer 
bytes of control code. In most applications, the direct address- 
ing range, memory locations 0 ~ 255, are reserved for RAM. 
They are used for data buffering and temporary storage of 
system variables, the area in which faster addressing is of most 
value, Cycle-by-cycle operation is shown in Table 11 for Ex- 
tended Addressing. 





Op Code 
Operand Data 











Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Table 10 Direct Mode Cycle by Cycle Operation 


























Address Mode Cycle | VMA R/W 
and Instructions Address Bus Line Data Bus 
ADC EOR 1 1 Op Code Address 1 Op Code 
ADD LDA 2 1 Op Code Address + 1 1 Address of Operand 
AND ORA 3 3 1 Address of Operand 1 Operand Data 
BIT SBC 
CMP SUB 
CPX 1 1 Op Code Address 1 Op Code 
LDS 4 2 1 Op Code Address + 1 1 Address of Operand 
LOX 3 1 Address of Operand 1 Operand Data (High Order Byte) 
4 1 Operand Address + 1 1 Operand Data (Low Order Byte) 
STA 7, 4 1 Op Code Address 1 Op Code 
4 2 1 Op Code Address + 1 1 Destination Address 
3 0 Destination Address 1 Irrelevant Data (NOTE 1) 
4 1 Destination Address Oo Data from Accumulator 
STS 1 1 Op Code Address 1 Op Code 
STX 2 1 Op Code Address + 1 1 Address of Operand 
5 3 i?) Address of Operand 1 Irrelevant Data (NOTE 1) 
4 1 Address of Operand 0) Register Data (High Order Byte) 
5 1 Address of Operand + 1 0] Register Data (Low Order Byte) 
NOTE 1. If device which is address during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 


Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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Table 11 Extended Mode Cycle by Cycle 











Address Mode 
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and Instructions Address Bus Line Data Bus 
1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 
3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
4 0 Address of Operand 1 Irrelevant Data (NOTE 1) 
5 1 Address of Operand (9) Operand Data (High Order Byte) 
6 1 Address of Operand + 1 Oo Operand Data (Low Order Byte) 
JSR 1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte) 
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte) 
4 1 Subroutine Starting Address 1 Op Code of Next Instruction 
9 5 1 Stack Pointer 0 Return Address (Low Order Byte) 
6 1 Stack Pointer — 1 0 Return Address (High Order Byte) 
7 0 Stack Pointer — 2 1 Irrelevant Data (NOTE 1) 
8 0 Op Code Address + 2 1 Irrelevant Data (NOTE 1) 
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte) 
JMP 1 1 Op Code Address 1 Op Code 
3 2 1 Op Code Address + 1 1 Jump Address (High Order Byte) 
3 1 | Op Code Address + 2 1 Jump Address (Low Order Byte) 
} ——— — 
ADC EOR “ee 1 1 Op Code Address 1 Op Code 
ADD LDA 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 
AND ORA 4 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
BIT SBC 4 1 Address of Operand 1 Operand Data 
CMP SUB 
eee | ee 
CPX 1 1 Op Code Address 1 Op Code 
LOS 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 
LOX 5 a 1 Op Code Address + 2 1 Address of Operand (Low Order Byte) 
4 1 Address of Operand 1 Operand Data (High Order Byte) 
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte) 
—+- + —}- 
STAA 1 1 Op Code Address 1 Op Code 
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte) 
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte) 
4 is) Operand Destination Address 1 Irrelevant Data (NOTE 1) 
5 1 Operand Destination Address Oo Data from Accumulator 
oe 
ASL LSR 1 1 Op Code Address 1 Op Code 
ASR NEG 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte) 
CLR ROL 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte) 
COM ROR 6 4 1 Address of Operand 1 ‘Current Operand Data 
DEC TST 5 (] Address of Operand 1 Irrelevant Data (NOTE 1) 
INC 6 1/0 Address of Operand 0 New Operand Data (NOTE 2) 




















NOTE 1. If device which is addressed during this cycle uses VMA, then the Data Bus wil! go to the high impedance three-state condition. 


Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
NOTE 2. For TST, VMA = 0 and Operand data does not change. 


MPU MPU 


ADDR ADDR = 100 


Program 
Memory 


Program 
Memory 


Program 
Memory 








Program 
Memory 





PC pc=5004| LDAA PC = 5006 
PC -1 
5008 
_| 5009 
ADDR = 0 $255 Example ADDR 2 256 Example 
General Flow General Fiow 
Figure 34 Direct Addressing Mode Figure 35 Extended Addressing Mode 
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@ Relative Address Mode 

In both the Direct and Extended modes, the address ob- 
tained by the MPU is an absolute numerical address. The Re- 
lative addressing mode, implemented for the MPU’s branch 
instructions, specifies a memory location relative to the Program 
Counter’s current location. Branch instructions generate two 
bytes of machine code, one for the instruction opcode and one 
for the “‘relative” address (see Fig. 36). Since it is desirable to be 
able to branch in either direction, the 8-bit address byte is inter- 
preted as a signed 7-bit value; the 8th bit of the operand is 
treated as a sign bit, “0” = plus and “1” = minus. The remaining 
seven bits represent the numerical value. This result in a relative 
addressing range of +127 with respect to the location of the 
branch instruction itself. However, the branch range is com- 
puted with respect to the next instruction that would be ex- 
ecuted if the branch conditions are not satisfied. Since two 
byte are generated, the next instruction is located at PC+2. 
If, D is defined as the address of the branch destination, the 
range is then; 

(PC+2) -128S DS (PC+2) + 127 

or PC~126 <D SPC +129 


MPU 


Program 
Memory 


(PC+2) 


(PC+2) + (Offset) 








that is, the destination of the branch instruction must be 
within -126 to +129 memory locations of the branch instruc- 
tion itself. For transferring control beyond this range, the un- 
conditional jump (JMP), jump to subroutine (JSR), and return 
from subroutine (RTS) are used. 

In Fig. 36, when the MPU encounters the opcode for BEQ 
(Branch if result of last instruction was zero), it tests the Zero 
bit in the Condition Code Register. If that bit is “0”, indicating 
a non-zero result, the MPU continues execution with the next 
instruction (in location 5010 in Fig. 36). If the previous result 
was zero, the branch condition is satisfied and the MPU adds the 
offset, 15 in this case, to PC+2 and branches to location 5025 
for the next instruction. 

The branch instructions allow the programmer to efficiently 
direct the MPU to one point or another in the control program 
depending on the outcome of test results. Since the control 
program is normally in read-only memory and cannot be 
changed. the relative address used in execution of branch in- 
structions is a constant numerical value. Cycle-by-cycle opera- 
tion is shown in Table 12 for relative addressing. 


MPU 










Program 
Memory 


PC 5010 






PC 5025 





Next Instr. 


Figure 36 Relative Addressing Mode 
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Table 12 Relative Mode Cycle-by-Cycle Operation 











Address Mode Cycle | VMA W 
and Instructions Cycle As Line Address Bus be Data Bus 
SS eee See 

BCC BHI BNE 1 1 Op Code Address 1 Op Code 

BCS BLE BPL 4 2 1 Op Code Address + 1 1 Branch Offset 

BEQ BLS BRA 3 0 Op Code Address + 2 1 Irrelevant Data (NOTE 1} 

BGE BLT BVC 4 0 Branch Address 1 Irrelevant Data (NOTE 1) 

BGT BMI BVS ies L ait! 

BSR 1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Branch Offset 
3 0 Return Address of Main Program 1 trrelevant Data (NOTE 1) 

8 4 1 Stack Pointer 0 Return Address {Low Order Byte) 

5 1 Stack Pointer — 1 0 Return Address (High Order Byte) 
6 0 Stack Pointer — 2 1 Irrelevant Data (NOTE 1) 
7 0 Return Address of Main Program 1 Irrelevant Data (NOTE 1) 
8 0 Subroutine Address 1 Irrelevant Data (NOTE 1) 














NOTE 1. 1f device which is addressed during this cycle uses VMA, then the Dat. 
Depending on bus capacitance, data from the previous cycle may ber 


@ Indexed Addressing Mode 

With Indexed addressing the numerical address is variable and 
depend on the current contents of the Index Register. A source 
statement such as 


Comment 
PUT A IN INDEXED LOCATION 


Operand 
x 


Operator 
STAA 


causes the MPU to store the contents of accumulator A in the 
memory location specified by the contents of the Index Re- 
gister (recall that the label X is reserved to designate the Index 
Register). Since there are instructions for manipulating X 
during program execution (LDX, INX, DEX, etc.), the Indexed 
addressing mode provides a dynamic “on the fly” way to 
modify program activity. 


MPU 








RAM 


ar, 


+ OFFSET 






Program 
Memory 








PC 


pe eect 
INSTR 
OFFSET 

Pee | 


OFFSET < 255 
General Flow 


PC= 








a Bus will go to the high impedance three-state condition. 
etained on the Data Bus. 


The operand field can also contain a numerical value that will 
be automatically added to X during execution. This format is 
illustrated in Fig. 37. 

When the MPU encounters the LDAB (Indexed) opccde in 
location 5006, it looks in the next memory location for the 
value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present Index Register value 
of 400. In the operand format, the offset may be represented 
by a label or a numerical value in the range 0 ~ 255 as in the 
example. In the earlier example, STAA X, the operand is 
equivalent to 0, X , that is, the “0” may be omitted when the 
desired address is equal to X. Table 13 shows the cycle-by-cycle 
operation for the Indexed Mode of Addressing. 


Program 
Memory 


5006 





Example 


Figure 37 !ndexed Addressing Mode 
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Table 13 Indexed Mode Cycle by Cycle 


Address Mode Cycle | VMA R/W 
and Instructions # Line Address Bus Line Data Bus 




































































JMP Op-Code Address 1 Op Code 
; ‘4 Op Code Address + 1 1 Offset 
Index Register 1 Irrelevant Data (NOTE 1) 
Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (NOTE 1) 
ADC EOR Op Code Address 1 Op Code 
ADD LDA Op Code Address + 1 1 Offset . 
AND ORA Index Register 1 Irrelevant Data (NOTE 1) 
BIT SBC Index Register Plus Offset (w/o Carry) 1 trrelevant Data (NOTE 1) 
CMP SUB index Register Plus Offset 1 Operand Data 
CPX 1 1 Op Code Address 1 Op Code 
LDS 2 1 Op Code Address + 1 1 Offset 
LDX 3 0 Index Register 1 Irrelevant Data (NOTE 1) 
6 4 0 Index Register Plus Offset (w/o Carry) 1 irrelevant Data (NOTE 1) 
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte) 
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte) 
STA 1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Offset 
6 3 0 Index Register 1 Irrelevant Data (NOTE 1) 
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (NOTE 1) 
5 (e) Index Register Pius Offset 1 Irrelevant Data (NOTE 1) 
6 1 |_inde Register Plus Offset 0 Operand Data 
ASL LSR 1 1 Op Code Address 1 Op Code 
ASR NEG 2 1 Op Code Address + 1 1 Offset 
CLR ROL 3 0 Index Register 1 Irrelevant Data (NOTE 1) 
COM ROR 7 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (NOTE 1) 
DEC TST 5 1 Index Register Plus Offset 1 Current Operand Data 
INC 6 0 Index Register Plus Offset 1 Irrelevant Data (NOTE 1) 
7 1/0 Index Register Plus Offset 0 New Operand Data (NOTE 2) 
(NOTE 
2) [ 
STS 1 1 Op Code Address 1 Op Code 
STX 2 1 Op Code Address + 1 1 Offset 
3 0 Index Register 1 Irrelevant Data (NOTE 1) 
7 4 0 index Register Plus Offset (w/o Carry) 1 Irrelevant Data (NOTE 1) 
5 (0) Index Register Plus Offset 1 Irrelevant Data (NOTE 1) 
6 1 Index Register Pius Offset 0 Operand Data (High Order Byte) 
7 1 Index Register Plus Offset + 1 0 Operand Data.(Low Oder Byte) 
1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + 1 1 Offset 
3 0 Index Register 1 Irrelevant Data (NOTE 1) 
4 1 Stack Pointer fe) Return Address (Low Order Byte) 
5 1 Stack Pointer — 1 9) Return Address (High Order Byte) 
6 0 Stack Pointer — 2 1 Irrelevant Data (NOTE 1) 
7 0 Index Register 1 Irrelevant Data (NOTE 1) 
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (NOTE 1) 














NOTE 1. If Device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
NOTE 2. For TST, VMA =O and Operand data does not change. 
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Figure 38 Example of Excution Timing in Each Addressing Mode 
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HD6802 
MPU (Microprocessor with Clock and RAM) 


The HD6802 is a monolithic 8-bit microprocessor that con- 
tains all the registers and accumulators of the present HD6800 HD6802 
plus an internal clock oscillator and driver on the same chip. 
In addition, the HD6802 has 128 bytes of RAM on the chip 
located at hex addresses 0000 to 007F. The first 32 bytes of 
RAM, at hex addresses 0000 to 001F, may be retained in a low 
power mode by utilizing Vcc standby, thus facilitating memory 
retention during a power-down situation. 

The HD6802 is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. 
Hence, the HD6802 is expandable to 65k words. 


FEATURES 

On-Chip Clock Circuit 

128 X 8 Bit On-Chip RAM 

32 Bytes of RAM are Retainable 
Software-Compatible with the HD6800 
Expandable to 65k words 

Standard TTL-Compatible Inputs and Outputs 
8 Bit Word Size 

16 Bit Memory Addressing 

Interrupt Capability 

Compatible with MC6802 


HD6802P 





® BLOCK DIAGRAM 


Vee 
Vee Vee standby Vec Vee 
© O O © 








Counter/ { 

Timer 1/0 
FES 

HD6802 


Parallel 
VO 


Cc) Crystal 
Control { 





(Top View) 
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8 ABSOLUTE MAXIMUM RATINGS ; 
Supply Voltage his Standby" -0.3 ~ +7.0 V 











Input Voltage Vin* -0.3 ~ +7.0 V 
Operating Temperature Topr -20 ~ +75 °C 
Storage Temperature ~55 ~ +150 °C 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


@® RECOMMENDED OPERATING CONDITIONS 
ae a ee 


Vcc* 
Vec ae 
} -03 | 3 


ee eee 9 Se 
jes] 425 | | Cee 
ee ie ee 


* With respect to Vgg (SYSTEM GND) 






Supply Voltage 







Input Voltage 














Operation Temperature 





® ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS (Vec=5.0Vt5%, Vec Standby=5.0V+5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 





































Except RES 
Input “High” Voltage ae 
Except RES -0.3 | — | 08 
Input “Low” Voltage tania ished pe el AY 
RES -0.3 | - 0.8 | 
Do ~D,, E low =i -205uA — 2.4 = acd 
Output “High” Voltage Ao~A1s, RAW, VMA Vou lon =-145uA 2.4 - - V 
BA lon = -100uA 2.4 = s 
Output “Low” Voltage Voi lor = 1.6mMA - - 0.4 Vv 
Three State (Off State) Input Current Do~D> Irs) Vin = 0.4~2.4V -10 - 10 LA 
Input Leakage Current Except Dp~D, **** | lin Vin = O~5.25V -2.5 _ 2.5 | uA 
Power Dissipation Pp * — 0.6 | 1.2 Ww 
: Do~D, V.,=0V, T, =25°C, _ 10 12.5 
Input Capacitance ExceetDo=D; on f=1.0MHz- |= 166140 pF 
Ao~Ais, R/W, BA, Vin=OV, Ta=25°C, = = 
Output Capacitance VMA, E Cout f=1 OMHz 12 pF 


* In power-down be maximum power dissipation is less than 42mW. 
#9? 'T, a=25° C,V 
re As RES i input Shae h histeresis character, applied voltage up to 2.4V is regarded as “‘Low”’ level when it goes up from OV. 
**#** Does not include EXTAL and XTAL, which are crystal inputs. 


@ HITACHI 481 





HD6802 





@ AC CHARACTERISTICS (Vcc75.0V5%, Voc Standby=5.0V15%, Vsgg=0V, Ta=-20~+75°C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS 


ce 


Frequency of Operation 
ana shiay Crystal Frequency | fxrar | |S | | 40 
Cycle Time | tye (Fig. 2Fig9 3 | 1.0 | - | 10 | os 


Tigh” Level | PWon [et 24V (Fig, 2, Fig 3) ede 
sata at O8V (Fig, 2, Fig. 3) 
Clock Fall Time 0.8V ~ 2.4V(Fig.2,Fig.3) | - | - | 25 | ns 


2. READ/WRITE TIMING 


Peripheral Read Access Time a P< L 
Data Setup Time (Read) Ptosn | fia? —*+i 00 | - [= [om 
input Data Hold Time Pi i i AO 
Output Data Hold Time Pt | Fes | of - | - | 
Address Hold Time (Address, RW, VMA) | tan == | sig. 2, Fig 3 | 10 | - =| - | ns 
Data Delay Time (Write Ptoow | es | (| 
Bus Available Delay tea | Fin 4 Fis 6, Fig. 7, Fi 8] — | — | 280__[ 
P prccimer contra Setup TING | tres | Fig. 4~Fig. 7,Fin 12 | 200 | - | - | me 

Processor Control Rise and Fall Time teer Fig. 4~Fig. 7, Fig. 12, an 





(Measured at 0.8V and 2.0V) tect Fig. 13, Fig. 16 
*Ta=25°C, Veco = 5V 
3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 


item Simbel |__Tes conden fp Unit 


RAM Enable Reset Time (1) ne 
RAM Enable Reset Time (2 Cie | rales = 
Reset Release Time ms 


RAM Enable Reset Time 3 ee ee er ee 


“tres = 20 msec min. for S type, 50 msec min. for R type. 
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5.0V 
Rx = 2.4kQ 
Test Point C= 130pF forD,~D,,E 
= S90pF for A, ~A,., R/W, and VMA 
_= 30pF for BA 
Cc R R= 11kQ for D,~D,,E 


16kQ for A, ~A,.,R/W. and VMA 
= 24kQ for BA 

C includes stray Capacitance. 

All diodes are 182074 @ or equivalent. 


Figure 1 Bus Timing Test Load 











teye 
PWot PWo va) 
E 0.4V o4v~ 0.4V 
—te 


a 2.4V i 
7 a <2 


2.4V COP ee . 
ctl. Tz 
a ae Fi 


2.4V | SY, 
vMA ei: ae 
tosrR 
tap- ————— taee 
Data 2.0V b 
or Peripherals 0.8V 








Whtth Data Not Valid 


Figure 2 Read Data from Memory or Peripherals 




















teyep 
PWor PWoH 
2.4V 2.4V 
E 0.4V “A o.ay N-0.4V 
tab _ ho- ty 
R/W LE: 2 
0.4V Z as 
ee 2 
Add LV Irs >, 
reommeu oav Ler] 
t ees ee ree 
2.4V AD QO, 
VMA eI. 
tap topw 4 tH 
Data 2.4V = ————— oor 
From MPU 0.4V - Zi _Datavalid_| YD 





N 
\ 
\ 


Vt: Data Not Valid 


Figure 3 Write Data in Memory or Peripherais 
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1Dé6802 —— eee 


The Last Instruction Cycle HALT Cycle 











E 
HALT 
BA 
Figure 4. Timing of HALT and BA 
E 
HALT 
BA 
Figure 5 Timing of HALT and BA 
MPU Reset MPU Restart Sequence 
E 
RES 
VMA 





Figure 6 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last Instruction Cycle 


HD6802 


Interrupt Sequence 










E 
RQ, NMI 
tect 
(When WAIT Cycle) 
BA 
Figure 7 1ROQ and NMI [nterrupt Timing 
The last execution cycle of 
WAI instruction (#9) WAIT Cycle 
2.4V 
E 
tea 
2.4V 
BA 


Figure 8 WAIT Instruction and BA Timing 


= MPU REGISTERS 

A general block diagram of the HD6802 is shown in Fig. 9. 
As shown, the number and configuration of the registers are the 
same as for the HD6800. The 128 x 8 bit RAM has been 
added to the basic MPU. The first 32 bytes may be operated in a 
low power mode via a Vcc standby. These 32 bytes can be 
retained during power-up and power-down conditions via the 
RE signal. 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Fig. 10). 
®@ Program Counter (PC) 

The program counter is a two byte (16-bit) register that 
points to the current program address. 
®@ Stack Pointer (SP) 

The stack pointer is a two byte (16-bit) register that contains 
the address of the next available location in an external 
push-down/pop-up stack. This stack is normally a random access 
Read/Write memory that may have any location (address) that 
is convenient. In those applications that require storage of 
information in the stack when power is lost, the stack must be 

‘non-volatile, 


@ Index Register (IX) 

The index register is a two byte register that is used to store 
data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 

@ Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit(ALU). 
®@ Condition Code Register (CCR) 

The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over- 
flow(V), Carry from bit7(C), and half carry from bit3(H). These 
bits of the Condition Code Register are used as testable 
conditions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit(I). The used bits of the Condition Code 
Register (B6 and B7) are ones. 

Fig. 11 shows the order of saving the microprocessor status 
within the stack. 
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Ais Ais Ay, Ai, Ay Aro A, A, A, Ay A, As A, A; A, Ay 
25 24 23 22 20 19 18 1 160615 14 13°12 «11 1 9 
Output Output 
Buffers Buffers 


35 Vcc Standby 


36 RAM Enable 





MR 3 
E 37 
RES 40 Program 
NMI 6 Counter H 
HALT 2 Clock 
TRA 4 Instruction oer al 7 
P, 
EXTAL 39 = ee 
XTAL 38 Control Index Index 
BA 7 Register H Register L 
VMA 5 
A 


Instruction Accumulator 
Register 8 
Concition 
he 
Register 
Li 
Data A 
a 


26 27 28 29 30 31 32 33 
Vee Pins 835 DO, D, DO, DO, D0, DO, D, D, 
Vgg = Pins 1,21 


Figure 9 Expanded Block Diagram 


Accumulator A 


Accumulator 8B 


index Register 
Program Counter 


Stack Pointer 


Condition Codes 
Register 


Carry (From Bit 7) 
Overflow 

Zero 

Negative 

{Interrupt mask 


Half Carry (From Bit 3) 





Figure 10 Programming Model of The Microprocessing Unit 





m-9 
m-8 
m-7 
m-6 
SP = Stack Pointer m-5 
CC = Condition Codes (Also calied the Processor Status Byte) 
ACCB = Accumulator B m-4 
ACCA = Accumulator A m-3 
{XH = Index Register, Higher Order 8 Bits 
IXL = Index Register, Lower Order 8 Bits m-2 m-2 
PCH = Program Counter, Higher Order 8 Bits m-1 m-1 
PCL = Program Counter, Lower Order 8 Bits 
m SP m 
mt m+ 
m+2 m+2 





Before 


Figure 11 Saving The Status of The Microprocessor in The Stack 
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@ HD6802 MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific functions 
and that other signal lines be monitored to determine the state 
of the processor. These control and timing signals for the 
HD6802 are similar to those of the HD6800 except that TSC, 
DBE, ¢;, ¢2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added. 


RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready(MR) 

Vec Standby 

Enable ¢, Output(E) 

The following is a summary of the HD6802 MPU signals: 

@ Address Bus (Ay ~ Aj5) z 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
® Data Bus (D, ~ D,) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $007F. External RAM at $0000 to $007F must be 
disabled when internal RAM is accessed. 

@ HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 





To insure single instruction operation, transition of the 
HALT line must not occur during the last 250ns of E and the 
HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (‘‘High”) or 
Write (“Low’) state. The normal standby state of this signal is 
Read (“High”). When the processor is halted, it will be in the 
logical one state (“‘High’’). 

This output is capable of driving one standard TTL load and 
S0pF. 


@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
® Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 











HD6802 


outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 

@ Interrupt Request (1RQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “‘High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Low”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 
© Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 12 and Fig. 13 respectively. 











© Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 


has no effect on NMI. 
The Index Register, Program Counter, Accumulators, and 


Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 14 is a flowchart describing the 
major decision paths and interrupt vectors of the microproces- 
sor. Table 1 gives the memory map for interrupt vectors. 
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SF 0 se es 2 ee 





| 


D 
m 
n 


Option 1 
(See Note below) 





RE 

Option 2 

See Figure 8 for 
t 
RES Power Down condition 
2.0V 
0.8V 
RE 
tecr 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 12 Power-up and Reset Timing 


FFFE, FFFF 















Machine 
on Halt 








Figure 13 Power-down Sequence 






Execute 
Instruction 





FFFC FFFS 
FFFD FFF 





Figure 14 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 













Vector de og 
Description 


MS LS 





Restart 
Non-Maskable Interrupt (NMI) 
(SWI) 
(TRQ) 








FFFA FFFB Software Interrupt 





Interrupt Request 





@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Voc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802 has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802 so that a 4MHz crystal may be used in 
lieu of a 1MHz crystal for a more cost-effective system. Pin39 of 
the HD6802 may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802. 

If an external clock is used, it may not be halted for more 
than 4.5us. The HD6802 is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 


HD6802 


Conditions for Crystal (4 MHz) 
@ AT Cut Parallel resonant 

@ Co =7 pF max. 

@ R, = 80Q max. 





L, c, RF, 
Cy 


Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 











39 pin 
HD6802 


38 pin 


C, = C, = 22pF + 20% 


Figure 15 Crystal Oscillator 


When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802. 

@ Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 16. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5yus. 





Figure 16 Memory Ready Control Function 
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@ Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ¢. on the HD6800. 

@ Voc Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power up, power-down, or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 





HD6802 


= MPU INSTRUCTION SET 

The HD6802 has a set of 72 different instructions. Included 
are binary and ‘decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

This instruction set is the same as that for the 


6800MPU(HD6800 etc.) and is not explained again in this 
data sheet. 


a NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cy, must be placed near 
the LSI as much as possible. 
Pal 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 





the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


XTAL. 
The following design must be avoided. 
Must be avoided 

< ow 
e & 
o ® 
a 
Poy 
1 | : , ; 
ee Signa! C A signal line or a power source line must not cross or go near 
et 

| 

| 

| 


ae 
mae 






HO6802 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 1OMQQ. 


Figure 17 Note for Board Design of the Oscillation Circuit 
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E signal is wired apart from 38 pin 
Yond 39 pin. 
E 





HD6802 


Figure 18 Example of Board Design Using the Crystal Oscillator 
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HD6éS802W 
MPU (Microprocessor with Clock and RAM) 


HD6802W is the enhanced version of HD6802 which con- 
tains MPU, clock and 256 bytes RAM. Internal RAM has been HDeso2wP 
extended from 128 to 256 bytes to increase the capacity of 
system read/write memory for handling temporary data and 
manipulating the stack. 

The internal RAM is located at hex addresses 0000 to OOFF. 
The first 32 bytes of RAM, at hex addresses 0000 to 001F, may 
be retained in a low power mode by utilizing Vcc standby, 
thus facilitating memory retention during a power-down situa- 
tion. 


The HD6802W is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. Hence, 
the HD6802W is expandable to 65k words. 


FEATURES 

On-Chip Clock Circuit 

256 x 8 Bit On-Chip RAM 

32 Bytes.of RAM are Retainable 
Software-Compatible with the HD6800, HD6802 
Expandable to 65k words 

Standard TTL-Compatible Inputs and Outputs 

8 Bit Word Size 

16 Bit Memory Addressing 

Interrupt Capability 


(DP-40) 





= PIN ARRANGEMENT 


= BLOCK DIAGRAM 


Vee 
Vec Vee Standby Vee Vec 
© O © 





HD6802W 


Counter/ 
Timer 1/0 


RES 
Parallel 
1/0 


Co Crystal 





Control 


od 


(Top View) 
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A expanded block diagram of the HD6802W is shown in Fig. 
1. As shown, the number and configuration of the registers are 











HD6802W 


the same as the HD6802 except that the internal RAM has been 
extended to 256 bytes. 


ry 


A, A, A, A, A, A, A, Ag 
16 618 14 13:12 11 16 9 


Output 

Buffers 
RAM 
Control 


32 Bytes 


35 Vcc Standby 


MR 3 224 Bytes 36 RAM Enable 
E 37 
RES 40 Program Program 
NMI 6 Counter H Counter L 
HALT 2 Clock 
TRG 4 Instruction Stack ss Sade é 
inter 
EXTAL 39 acing gine 
XTAL 38 Control Index Index 
BA 7 Register H Register L 
VMA 5 
RW 34 





Instruction 
Register 





Accumulator 


Accumulator 


Condition 
Register 


ALU 


Data 
Buffer 


26 27 «28 29 «30 31 #32 «33 
Vec Pins 835 D, O, D, D, 0, DO, D, DO, 
Vgg = Pins 1,21 


Figure 1 Expanded Block Diagram 


Address Map of RAM is shown is Fig. 2. 
The HD6802W has 256 bytes of RAM on the chip located 
at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at 


mode by utilizing Vcc standby and setting RAM Enable Signal 
“Low” level, thus facilitating memory retention during a 
power-down situation. 


hex addresses 0000 to 001F, may be retained in a low power 


} retention by Vcc Standby 


OO1F 
0020 


OOFF 


Figure 2 Address Map of HD6802W 
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® ABSOLUTE MAXIMUM RATINGS 











Vec * 
Supply Voltage Vee Standby* 
Input Voltage ve" 









Operating Temperature 


Storage Temperature 2 





* With respect to Vgg (SYSTEM GND) 
(NOTE) 


Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 












-0.3 ~ +7.0 







| -03~+7.0 | 






recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 





[Symbol 






Supply Voltage 


ice Wipe a] 
Input Voltage 










Operation Temperature Topr 


* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 


Ce 
veces Wear 
a ee 









® DC CHARACTERISTICS (Voc=5.0V5%, Voc Standby=5.0V+5%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.) 


Symbol i Reet Coton 2 ee, [et nae) Unit 














Item 
Input “High” Voltage =e = 
RES 
Input Low” Voltage exept RES 
RES oS 
Do~D7,E _ 
Output “High” Voltage Ao~Ai5, RW, VMA 
| BA 
Output ‘Low’ Voltage 
Three State (Off State) Input Current Do~D- 
Input Leakage Currert Except Dy~D-, 


Power Dissipation 


Input Capacitance 






Except Do~D7 





Output Capacitance VMA 


*T, =25° C, Van 35V 
“eas Res input uh 
*** Does not include EXTAL and XTAL, which are crystal inputs. 


**** In power-down mode, maximum power dissipation is less than 42mW. 
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Ao~Ai5, R/W, BA, 








2.0 
Vin 
Vec-0.75 _ 
a 20:37 |=, | 
Vin 
-0.3 - 
4 = -205uA 2.4 re 
Vou lou a -145uA 2.4 = 
lon = ~100KA 2.4 - 
os = 1.6mA — 


- 
=Q~5. 25V = 
rp 





Vin=OV, Ta=25°C, 
f=1.0MHz 





Vec 
Vee 


0.8 





Vin=0V, T,= 25°C, 
f=1,.0MHz 





as histeresis character, applied voltage up to 2.4V is regarded as ‘’Low”’ level when it goes up from OV. 
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@ AC CHARACTERISTICS (Vec=5.0V+5%, Voc Standby=5.0V5%, Vgg=0V, Ta=-20~+75°C, unless otherwise noted.) 


1. CLOCK TIMING CHARACTERISTICS 


















































Item Symbol Test Condition min | typ max | Unit 
Input Clock + 4 f 0.1 Lil. - 1.0 
i MH 
Frequency of Operation [ Crystal Eeaccney es 0 = 4.0 - 
Cycle Time teye Fig. 4, Fig. 5 1.0 ees 10 | us 
“High” Level PWoH at 2.4V (Fig. 4, Fig. 5) | 
P ~ ~| 450 — 1|4500 ns 
Clock Pulse Width “Low” Level PWy, [at 0.8V(Fig. 4, Fig. 5) 
Clock Fall Time t 0.8V ~ 2.4V(Fig.4,Fig.5)) — - 25 ns 


2. READ/WRITE TIMING 


Item 
Address Delay 
Peripheral Read Access Time 
Data Setup Time (Read) 
Input Data Hold Time 
Output Data Hold Time 
Address Hold Time (Address, R/W, VMA) 
Data Delay Time (Write) 
Bus Available Delay 


Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.0V) 


*Ta= 25°C, Vec =5V 


Piao [Fina Fig. 6Fig.8 | - | - | 270 | 


Fig. 4, Fig. 5 
tea |Fig. 6, Fig. 7, Fig. 9, Fig. 10 





3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 










RAM Enable Reset Time (1) 
RAM Enable Reset Time (2) 
Reset Release Time 
RAM Enable Reset Time (3) 
Memory Ready Setup Time 













tre1 






150 








E-3 cycles 





20 





Memory Ready Hold Time 
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R/W 


Address 
From MPU 


VMA 


Data 
From Memory 
or Peripherals 


Address 
From MPU 


VMA 


Data 
From MPU 
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0.4V 


7 ees ee) 
ov ZZ TC 
SEES Peary EET 


2.4V 


Test Point C= 130pF for 0,~D,,€ 


= 9OpF for A, ~A,,, R/W, and VMA 
_= 30pF for BA 
Cc R R=11kQforD,~D,,E _ 
= 16k2 for A,~A,,, R/W, and VMA 
= 24k2 for BA 
C includes stray Capacitance. 
All diodes are 182074) or equivalent. 


Figure 3 Bus Timing Test Load 


teye 
PW L PWo 1 


2.4V 
0.4V 0.4vf4 0.4V 
to 
2.4V D 
= ———+ mi 
ay 7 


ovr Cd 
EET CESSES 


2.4V <Q, 
tad tace—— esr 


2.0V ——» 
0.8V 2 ee 





VA. Data Not Valid 
Figure 4 Read Data from Memory or Peripherals 


PWo PWeH 
2.4V y, N Saad 
0.4V 


t, 


0.4V 






PZ 7, 


tad tH 


re ED 
Faw Data Valid | DB 


tj ii/ Data Not Valid 


Figure 5 Write Data in Memory or Peripherals 
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The Last Instruction Cycle HALT Cycle 





BA 2.4V 


Figure 6 Timing of HALT and BA 


HALT Cycle ) Instruction Cycle 





BA 


Figure 7 Timing of HALT and BA 


MPU Reset MPU Restart Sequence 





RES 


VMA 





Figure 8 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last instruction Cycle Interrupt Sequence 












E 
TRO, NMI 
tect 
(When WAIT Cycle) 

i we a ee eee ee ey 
‘ 

BA 

Figure9 IRQ and NMI {nterrupt Timing 
The last execution cycle of 
| WAI instruction (#9) | WAIT Cycle 

2.4V 

E 
tea 

BA 2.4V 


Figure 10 WAI Instruction and BA Timing 
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= HD6802W MPU SIGNAL DESCRIPTION 


© Address Bus (Ay ~ A,;) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
® Data Bus (Do _ D>) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $OOFF. External RAM at $0000 to $0OFF must be 
disabled when internal RAM is accessed. 

@ HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 





To insure single instruction operation, transition of the 
HALT line must not occur during the last tpcg of E and the 
HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 
Write (““Low’) state. The normal standby state of this signal is 
Read (“‘High’’). When the processor is halted, it will be in the 
logical one state (‘High’). 

This output is capable of driving one standard TTL load and 
90pF. 


e@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
@ Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. —— 

@ Interrupt Request (IRQ) 
This level sensitive input requests that an interrupt sequence 








HD6802W 


be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Low”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 
© Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter, During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 11 and Fig. 12 respectively. 


© Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 13 is a flowchart describing 
the major decision paths and interrupt vectors of the micro- 
processor. Table 1 gives the memory map for interrupt vectors. 
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Vee 
E 
RES 
Option 1 
(See Note below) 
RE 
Option 2 
See Figure 12 for 
t 
RES Power Down condition 
RE 2.0V 
0.8V 
tpcr 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 11 Power-up and Reset Timing 







Start Sequence 


Machine 
on Halt 





Figure 12 Power-down Sequence 


Figure 13 MPU Flow Chart 


500 @ HITACHI 


Table 1 Memory Map for Interrupt Vectors 














Vector we 
MS LS Description 
FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
__FFFA FFFB Software Interrupt (SWI) 
FFF8 FFFQ9 Interrupt Request (TRO) 


a 


@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802W. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Voc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802W has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802W so that a 4MHz crystal may be used in 
lieu of a IMHz crystal for a more cost-effective system. Pin39 of 
the HD6802W may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode, 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802W. 

If an external clock is used, it may not be halted for more 
than 4.5us. The HD6802W is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 


HD6802W 


Conditions tor Crystal (4 MHz) 
@ AT Cut Parallel resonant 

@ Cy =7 pF max. 

@ R,; = 80Q max. 





Cy 
Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 










39 pin 
HD6802W 


38 pin 


C, = C, = 22pF + 20% 


When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802W. 
®@ Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 14. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5yus. 





Figure 14 Memory Ready Contro! Function 
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@ Enable (E) 


This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 


equivalent to ¢. on the HD6800. 
® Vcc Standby 


This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 


= MPU INSTRUCTION SET 

The HD6802W has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, rotate, 
load, store, conditional or unconditional branch, interrupt and 


stack manipulation instructions. 
This 


instruction set is the same as that for the 
6800MPU (HD6800 etc.) and is not explained again in this 
data sheet. 


data in this portion of the RAM on a power-up, power-down, or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 


se 
ene 
pes 
oe 
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The following design must be avoided. 


Must be avoided 


—|-— — — Signal A 
——-}-—|-— — Signal B 


a) 
me 


HD6802W 


Signal C 


e NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802W 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cy, must be placed near 
the LSI as much as possible. 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 


oscillation may be disturbed when E signal is feedbacked to 
XTAL. 


A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 1OMQ. 


Figure 15 Note for Board Design of the Oscillation Circuit 
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Figure 16 Example of Board Design Using the Crystal Oscillator 
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HD6809,HD68A09,HD68B09— 
MIPU (Micro Processing Unit) 


The HD6809 is a revolutionary high performance 8-bit 
microprocessor which supports modern programming tech- 
niques such as position independence, reentrancy, and modular, 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809 has hardware and software features which make 
it an ideal processor for higher level language execution or 
standard controller applications. 


HD6800 COMPATIBLE 
e@ Hardware — Interfaces with All HMCS6800 Peripherals 


@ Software - Upward Source Code Compatible Instruc- 
tion Set and Addressing Modes 


ARCHITECTURAL FEATURES 
Two 16-bit Index Registers 


Two 16-bit Indexable Stack Pointers 

Two 8-bit Accumulators can be Concatenated to Form 
One 16-Bit Accumulator 

Direct Page Register Allows Direct Addressing Through- 
out Memory 


HARDWARE FEATURES 

On Chip Oscillator 

DMA/BREQ Allows DMA Operation or Memory Refresh 

Fast Interrupt Request Input Stacks Only Condition 

Code Register and Program Counter 

MRDY Input Extends Data Access Times for Use With 

Slow Memory 

@ Interrupt Acknowledge Output Allows Vectoring By 
Devices 

@ SYNC Acknowledge Output Allows for Synchronization 
to External Event 

@ Single Bus-Cycle RESET 

@ Single 5-Voit Supply Operation 

@ NMI Blocked After RESET Until After First Load of 
Stack Pointer , 

@ Early Address Valid Allows Use With Slower Memories 

@ Early Write-Data for Dynamic Memories 


@ Compatible with MC6809, MC68A09 and MC68B09 


= SOFTWARE FEATURES 
@ 10 Addressing Modes 
+ HMCS6800 Upward Compatible Addressing Modes 
* Direct Addressing Anywhere in Memory Map 
* Long Relative Branches 
+ Program Counter Relative 
* True Indirect Addressing 
* Expanded Indexed Addressing: 
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A, RW 
Ay HD6809 

A, 0, 
A, | 

As 

As 

A, Gg 0, 
A, 0, 
A, D, 
Ayo 23 Ay, 
An 2A A, 
An Ry A, 


(Top View) 


HD6809,HD68A09,HD68B09 


0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instructions with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


/X /* <—Vee 
4+¢— Vss 


BLOCK DIAGRAM 


Y 
oe Interrupt FIRO 
Control 
CC fi) Bus HALT 
Control BA 


BS 

XTAL 

EXTAL 
ALU Timing 

MRDY 

E 

Qa 
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= ABSOLUTE MAXIMUM RATINGS 


Value 
Supply Voltage 


Input Voltage F -0.3 ~~ +7.0 


Operating Temperature 


Storage Temperature ae ec -55 ~ +150 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LS!. 





= RECOMMENDED OPERATING CONDITIONS 


a _symbot ——din vp On 
Supply Voltage [ec*—S—~*dtC | 8b 











pur __| oa { 0.8 V 
(Ta-0~475°c)) 29 Vec 

Input Voltage Via" ae reper se) cack eo ee . 
R 4.0 = Vec 

Operating Temperature Tigae -20 25 75 °C 











* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vec =5V+5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


min | typ*|_mex [min | typ"! Pata bee] me “ah 
E RES | Ta=0~+75°C | Cc a ae M207 — 1 Vee] 201 | — | Vec_| 
Input “High” Voltage meepenee | vw [ta=-20~0°C | 227 = | Veco [22] = | Vee [22 | v 


| 
Q 
fe) 

a 

Q 
o 
< 
Q 
° 








Input “Low” Voltage | Cd 03] = | 08 [-03) ~ | os t-o3] -T os | v 
tt a aac ease" [as] - [2s [a6] - [20] 20] -[ 2s [on 
Three State (Off State) tea, || MiprOdm2aue. «| 10 |) eto: fietOy [ate [10 fhe |g 
: ues |-100| — | 100-100] — | 100 [-100/ - | 100 | 
LoAD=-205uA, 
7a (ee noc cal as eal ee 
sleaieee Eau Coal riad Ce CO 
onda (eo eel ot Cee le 
Yeccnin 
Output “Low” Voltage ie i Eo ee ee a 
Power Dissipation Ee eae Pa a w 
Input Capacitance Cin | -— | 10] 15 | —- | 10] 15 [| — | 10] pF 
eo oe ao 
cnemaew fey SEpeereccs 
BA, BS Ee 


*Ta=28°C, Vec=5V 


506 @ HITACHI 


HD6809,HD68A09, HD68B09 


@ AC CHARACTERISTICS (Vcc =5V+5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 
1. CLOCK TIMING 


>= [om [ei = 
bol T Cond 
oy pciiaee ees ER oe ee ee ee 


Frequency of Operation | trae | 
(Crystal or External Input) XTAL 


Oyele Time | = racoa] 267 | — |ro000] s00 | — | 
Total Up Time rela = eo Se es 


Processor Clock “High” 


Processor Clock ‘‘Low’’ tpweL | 430 | — | 5000] 280 | 


E Rise and Fall Time 


E Low © Qhign Time | 200 | - | 250] 190 | = | 165 | ao | - | 125 | 


Q Clock “High” 


| tewor _| 

A Clock "Low" 250 | — [18800] 220] — [16700] 220 | — 16700 
Q Rise and Fall Time | - | 2 | - | - | 20 | 
QLow t0 & Falling [tor | 200 | - | - fsa} = | = | too] - | - 


2. BUS TIMING 






Tene [fa el a 
Address Delay Se = 
Address Valid to Qyigh 


Reece wee|mvares [owl [= [oe] =] = fom] =| 
(tut—tap—tpsr=tacc) Fig. 2, Fig. 3 


Data Set Up Time (Read) | so | — | 
Input Data Hold Time toHR | 10 | - | 
Tease Fs eae ee See 
oe ~+ 
Address Hold Time | A, ~A,,, R/W _— es 3 
are Secs aE 


Data Delay Time (Write) 


cesitvelaees Tatd-t78 ¢ eee a) eee 
Ta=-20~0°C 


3. PROCESSOR CONTROL TIMING 


|_ min | typ | max | min | typ | max | min [ typ | max_| 









MADY Set Up Time 125] - | - | 125f - | - [ol -] - | 
Interrupts Set Up Time 200| - | — | wo] -[ -~ Taol - | - | 
HALT Set Up Time | - | ~ | 140] -~| - | 10] —- | - | 


RES Set Up Time 


a 

| tpcsr| Fig. 6~Fig. 10 Pat = be bef =f teh = 
DMA/BREO Set Up Time | tecso | 

[tre _| 


Fig. 14, Fig. 15 


Processor Control Rise and Fall Time 


Crystal Oscillator Start Time 
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5.0V 


Ry = 1.8k2 


Test Point 





-C= 30pF (BA, BS) 
130pF (D, ~ D,,E,Q) 
90pF (A, ~ A,,, R/W) 

“R= 11kQ (D, ~ D,) = 
16k2 (A, ~ A,,,E,Q, R/W) 
24k2. (BA, BS) 


All diodes are 1$2074@)or equivalent. 
C includes Stray Capacitance. 


Figure 1 Bus Timing Test Load 


ADDR 
BA, BS” 


Date 


ce ear 
ef 
Sas 





*Hold time for BA, BS not specified. 


Figure 2 Read Data from Memory or Peripherals 





RO Not Valid 


*Hold time for BA, BS not specified. 


Figure 3 Write Data to Memory or Peripherals 


= PROGRAMMING MODEL 

As shown in Figure 4, the HD6809 adds three registers to the 
set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second Index 
Register. 


e@ Accumulators (A, B, D) 


The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation of 
data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 


register, and is formed with the A register as the most significant 


byte. 


e@ Direct Page Register (DP) 

The Direct Page Register of the HD6809 serves to enhance 
the Direct Addressing Mode. The content of this register appears 
at the higher address outputs (Ag ~A; 5 ) during Direct Address- 
ing Instruction execution. This allows the direct mode to be 
used at any place in memory, under program control. To ensure 
HD6800 compatibility, all bits of this register are cleared during 
Processor Reset. 
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@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation of 
effective addresses. This address may be used to point to data 
directly or may be modified by an optional constant or register 


15 
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offset. During some indexed modes, the contents of the index 
register are incremented or decremented to point to the next 
item of tabular type. data. All four pointer registers (X, Y, U, S) 
may be used as index registers. 







Pointer Registers 







Program Counter 





Accumulators 


ee ee ey 
D 


~N 


0 
Direct Page Register 


7 0 
fefe}H{i{n{z{vic] CC — Condition Code Register 


Figure 4 Programming Model of The Microprocessing Unit 


@ Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by the 
processor during subroutine calls and interrupts. The stack 
pointers of the HD6809 point to the top of the stack, in 
contrast to the HD6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U) is 
controlled exclusively by the programmer thus allowing argu- 
ments to be passed to and from subroutines with ease. Both 
Stack Pointers have the same indexed mode addressing capabil- 
ities as the X and Y registers, but also support Push and Pull 
instructions. This allows the HD6809 to be used efficiently as a 
stack processor, greatly enhancing its ability to support higher 
level languages and modular programming. 


@ Program Counter 

The Program Counter is used by the processor to point to the 
address of the next instruction to be executed by the processor. 
Relative Addressing is provided allowing the Program Counter 
to be used like an index register in some situations. 


@ Condition Code Register 
The Condition Code Register defines the State of the 
Processor at any given time. See Fig. 5. 


lefela}iinizivitc) 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 


Figure 5 Condition Code Register Format 
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= CONDITION CODE REGISTER DESCRIPTION 


© Bit 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from subtract 
like instructions (CMP, NEG, SUB, SBC) and is the complement 
of the carry from the binary ALU. 


@ Bit 1 (V) 

Bit | is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 


@ Bit 2 (2) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


e@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value of 
the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one, 


e@ Bit 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES, and SWI all are set I to a one: SWI2 and SWI3 
do not affect I. 





@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry:from 
bit 3 in the ALU as a result of an 8-bit addition only (ADC or 
ADD). This bit is used by the DAA instruction to perform a 
BCD decimal add adjust operation. The state of this flag is 
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undefined in all subtract-like instructions. 


e Bit6(F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRO line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRO, SWI2 and SWI3 do not 
affect F. 


e Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to 
determine the extent of the unstacking. Therefore, the current 
E left in the Condition Code Register represents past action. 


® SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: VSsg is 
ground or 0 volts, while Vcc is +5.0V +5%. 


®@ Address Bus (Ay ~A,s;) 

Sixteen pins are used to output address information from the 
MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,., R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. Addresses are valid on the rising edge of 
Q (see Figs. 2 and 3). All address bus drivers are made high 
impedance when output Bus Availalbe (BA) is “High”. Each pin 
will drive one Schottky TTL load or four LS TTL loads, and 
typically 90 pF. 


@ Data Bus (Dyp~D,) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and typically 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the data 
bus. A “Low” indicates that the MPU is writing data onto the 
data bus. R/W is made high impedance when BA is “High”. R/W 
is valid on the rising edge of Q. Refer to Figs. 2 and 3. 


@ Reset (RES) 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Fig. 6. The Reset 
vectors are fetched from locations FFFE,, and FFFF,., (Table 
1) when Interrupt Acknowledge is true, (BA + BS=1). During 
initial power-on, the Reset line should be held “Low” until the 
clock oscillator is fully operational. See Fig. 7. 

Because the HD6809 Reset pin has a Schmitt-trigger input 

’ with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are out 
of the reset state before the Processor. 
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Table 1 Memory Map for Interrupt Vectors 









Memory Map For 


Vector Locations Interrupt Vector 


Description 













RES 


FFFC NMI 
FFFA SWI 
FFF8 IRQ 
FFF6 FIRQ 
FFF4 SWI2 
SWI3 

Reserved 





@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output is 
driven “High” indicating the buses are high impedance. BS is 
also “High” which indicates the processor is in the Halt or Bus 
Grant state. While halted, the MPU will not respond to external 
real-time requests (FIRQ, 1 TRQ) _ although DMA/BREQ will 
always be accepted, and NMI or RES will be latched for later 
response. During the Halt state Q and E continue to run 
normally. If the MPU is not running (RES, DMA/BREQ), a 
halted state (BA*BS=1) can be achieved by pulling HALT 


“Low” while RES is still “Low”. If DAM/BREO and HALT are 
both pulled “Low”, the processor will reach the last cycle of the 
instruction (by reverse cycle stealing) where the machine will 
then become halted. See Figs. 8 and 16. 


e@ Bus Available, Bus Status (BA, BS) 

The BA output is an indication of an internal control signal 
which makes the MOS buses of the MPU high impedance. This 
signal does not imply that the bus will be available for more 
than one cycle. When BA goes “Low”, an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, represents the 
MPU state (valid with leading edge of Q). 


Table 2 MPU State Definition 









MPU State 


Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 

HALT or Bus Grant 







--00 





Interrupt Acknowledge is indicated during be both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRO, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address lines, 
can provide the user with an indication of which interrupt level 
is being serviced and allow vectoring by device. See Table 1. 

Sync Acknowledge is indicated while the MPU is waiting for 
external synchronization on an interrupt line. 

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus 
Grant condition. 
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Figure 6 RES Timing 
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Figure 7 Crystal Connections and Oscillator Start Up 
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© Non Maskable interrupt (NMi)* 

A negative edge on this input requests that a non-maskable 
interrupt sequence be generated. A non-maskable interrupt 
cannot be inhibited by the program, and also has a higher 
priority than FIRQ, IRQ or software interrupts. During recogni- 





hardware stack. After reset, an NMI will not be recognized until 
the first program load of the Hardware Stack Pointer (S). The 
pulse width of NMI “Low” must be at least one E cycle. If the 
NMI input does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next cycle. See 


tion of an NMI, the entire machine state is saved on the Fig. 9. 


2nd To Last Last Cycle 
Cycle Of Of i 
Current Current Dead Oyrib (cesta ences i cne 


| Inst. | Inst. | Cycle Halted Cycle | Fetch iia Cycle | Halted 


HALT 


Address 
Bus 


Fetch Execute 





gf XX) 7 


Instruction 
Opcode 


Figure 8 HALT and Single Instruction Execution for System Debug 


Last Cycle 
of Current 


instruction 
Instruction 


Fetch 


$M $$ Interrupt Stacking and Vector Fetch Sequence —_-— | 


m—-2 m-1 m met mt2 mtd mts mth mt mt? m+B mtd mt+l10 m4+l1 m+12 mti3 m+14 mei mtt6im+17 ms+1B 














tect IC FFF SP—1SP-—2 SP-3 SP-—4 SP-—5 SP-—6 SP-7 SP—8 SP-9 SP—10SP—11SP—12FFFF FFFC FFFD FFFF New New 
tecs (NM) (NMI) PC PC +1 
FG or (Ra)_(RO! 
AMT 
gf EE 1D GD CED ENS CLE ND SD ERD GAP CMD CES GD GD CLD A SD SD GE CAE GD ED ee | 
VMA PCL PCH UL UH YL YH XL XH OP 8 A cc VMA New New 


Na pa ee 
BA X X »’ 
sg aD a gO ggg Ou WO gu gy Ep Op Oa a OW Dl a 


Figure 9 TRO and NMI Interrupt Timing 
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Last Cycle 
of Current Instruction 
Instruction Fetch 
Interrupt Stacking and Vector Fetch Sequence ———————_———____e}»- 
m-2 m-1 m m+i m+2 m+3 m+4 m+5 m+6 m+7 m+8 m+9 n n+1 


teea PC PC FFFF sp-1 SP-2 SP-3 FFFF FFF6 FFF? FFFF NewPC NewPC+1 
tpcs 


ema YN ogy 


VMA PCL PCH cc VMA NewPCH NewPCL VMA 


a OO 
BA ( x \ 
BS x X \ / \ 
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Figure 10 FIRQ Interrupt Timing 
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© Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents of 
the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Fig. 10. 


e Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire_machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See Fig. 9. 


* NMI, FIRQ, and IRQ requests are sampled on the falling 
edge of Q. One cycle is required for synchronization before 
these interrupts are recognized. The pending interrupt(s) 
will not be serviced until completion of the current instruc- 
tion unless a SYNC or CWAI condition is present. If IRQ and 
FIRQ do not remain “Low” until completion of the current 
instruction they may not be recognized. However, NMI is 
latched and need only remain “Low” for one cycle. 


@® XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to an 
external parallel-resonant crystal. Alternately, the pin EXTAL 
may be used as a TTL level input for external timing by 
grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Fig. 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


<NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT > 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 











1) Crystal oscillator and load capacity Cin, Cout must be placed 


near the LSI as much as possible. 


fenke oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


2) Pin 38 and 39 signal line should be wired apart from other 
signal line as much as possible. Don’t wire them in parallel. 


bee oscillation may be disturbed when E or Q signal is ] 
feedbacked to pin 38 and 39. 





Figure 11 Board Design of the Oscillation Circuit. 


<THE FOLLOWING DESIGN MUST BE AVOIDED > 

A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in Fig. 12 to prevent the 
induction from these lines and perform the correct oscillation. 
The resistance among XTAL, EXTAL and other pins should be 
over 1OMQ2. 
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Must be avoided. 


Signal A 
Signal B 


~ -L--Si 





Figure 12 Example of Normal Oscillation may be Disturbed. 


Start ot Cycle 


| Address Valid 


e@ E,a0 

E is similar to the HD6800 bus timing signal ¢,; Q is a 
quadrature clock signal which leads E. Q has no parallel on the 
HD6800. Addresses from the MPU will be valid with the lead- 


ing edge of Q. Data is latched on the falling edge of E. Timing 
for E and Q is shown in Fig. 13. 


@ MRDY 

This input control signal allows stretching of E and Q to 
extend data-access time. E and Q operate normally while MRDY 
is “High”. When MRDY is “Low”, E and Q may be stretched in 
integral multiples of quarter (1/4) bus cycles, thus allowing 
interface to slow memories, as shown in Fig. 14. A maximum 


End of Cycle (Latch Data) 
| 
| 
0.5V 
| 
| 
| 


Figure 13 E/Q Relationship 





Figure 14 MRDY Timing 
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stretch is 10 microseconds. During nonvalid memory access 
(VMA cycles) MRDY has no effect on stretching E and Q; this, 
inhibits slowing the processor during “don’t care’’ bus accesses. 
MRDY may also be used to stretch clocks (for slow memory) 
when bus control has been transferred to an external device 
(through the use of HALT and DMA/BREQ). 

Also MRDY has effect on stretching E and Q during Dead Cycle. 


@ DMA/BREQ 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as shown 
in Fig. 15. Typical uses include DMA and dynamic memory 
refresh. 

Transition of DMA/BREQ should occur during Q. A “Low” 
level on this pin will step instruction execution at the end of the 
current cycle. The MPU will acknowledge DMA/BREQ by 
setting BA and BS to “High’’ level. The requesting device will 
now have up to 15 bus cycles before the MPU retrieves the bus 
for self-refresh. Self-refresh requires one bus cycle with a lead- 


MPU DEAD 
. 0.5V 0.5V 
Q 
DW Ww TeToy ant Vin 
DMA/BREG \\\\S ae 
tect 
tpcso 
ZaV 
BA, BS ve 
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ing and trailing dead cycle. See Fig. 16. 

Typically, the DMA controller will request to use the bus by 
asserting DMA/BREQ pin “Low” on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that cycle 
will be a dead cycle used to transfer bus mastership to the DMA 
controller. 

False memory accesses may be prevented during and dead 
cycles by developing a system DMAVMA signal which is “Low” 
in any cycle when BA has changed. 

When BA goes “Low” (either as a result of DMA/BREQ = 
“High” or MPU self-refresh), the DMA device should be taken 

off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership without 
contention. 


we MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 


DMA DEAD MPU 


0.5V 


[LLL Loss’ 


tpcr 
tpcsD 


omer ff FN 
ADOR 
(MPU) 
ADDR 
(DMAC) 


*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 
Figure 15 Typical DMA Timing (<14 Cycles) 
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Dino DMA Gye aa 
| | 
| 





MPU peach pata 


| 
DMA/BREQ \ | | 
| | | | | 


BA, BS | 


DMAVMA* | 


*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 


Figure 16 Auto — Refresh DMA Timing 
(Reverse Cycle Stealing) 


sequence begins at RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of instructions. 
Fig. 17 illustrates the flow chart for the HD6809. 





® ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
microcomputer today. For example, the HD6809 has 59 basic 
instructions, however, it recognizes 1464 different variations of 
instructions and addressing modes. The addressing modes 
Support modern programming techniques. The following ad- 
dressing modes are available on the HD6809: 
(i) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


@ implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ Immediate Addressing 
In Immediate Addressing, the effective address of the data is 

the location immediately following the opcode (i.e., the data to 
be used in the instruction immediately follows the opcode of 
the instruction). The HD6809 uses both 8 and 16-bit immedicte 
values depending on the size of argument specified vy the 
opcode. Examples of instructions with Immediate Addressing 
are: 

LDA #$20 

LDX #$F000 

LDY #CAT 
(NOTE) # signifies Immediate addressing, $ signifies hexa- 

decimal value. 


e Extended Addressing 

In Extended Addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of Extended 
Addressing include: 


LDA CAT 
STX | MOUSE 
LDD =$2000 


@ Extended Indirect 

As a special case of indexed addressing (discussed below),. 
“1”? level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX  [$FFFE] 
STU [DOG] 


@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8-bit of the address to be used. The upper 
8-bit of the address are supplied by the direct page register. Since 
only one byte of address is required in direct addressing, this 
mode requires less memory and executes faster than extended 
addressing. Of course, only 256 locations (one page) can be 
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HD6809 Interrupt Structure 






Bus State 
Running 







interrupt or Reset Acknowledge 


(4) Sync 


Hait/Bus Grant 









(NOTE) Asserting RES will result in entering the reset sequence from any point in the flow chart. 
Figure 17 Flowchart for HD6809 Instruction 
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accessed without redefining the contents of the DP register. 
Since the DP register is set to $00 on Reset, direct addressing on 
the HD6809 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct addressing. Some 
examples of direct addressing are: 

LDA $30 

SETDP $10 (Assembler directive) 

LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct ad- 
dressing. 


@ Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 


TFR X,Y Transfers X into Y 

EXG A,B Exchanges A with B 

PSHS A,B,X,Y Push Y, X, Band A ontoS 
PULU X, Y,D Pull D, X, and Y from U 


®@ Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five basic 
types of indexing are available and are discussed below. The 
postbyte of an indexed instruction specifies the basic type and 
variation of the addressing mode as well as the pointer register 
to be used. Fig. 18 lists the legal formats for the postbyte. Table 
3 gives the assembler form and the number of cycles and bytes 
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Figure 18 Index Addressing Postbyte Register Bit Assignments 


Table 3 Indexed Addressing Mode 


Type Forms 


Constant Offset From R No Offset 


Non Indirect 


Assembler 
Form 


Indirect 


Postbyte 
OP Code 
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(2's Complement Offsets) 5 Bit Offset 


8 Bit Offset 

16 Bit Offset 

A Register Offset 
B Register Offset 


Accumulator Offset From R 
(2’s Complement Offsets) 


D Register Offset| D,R | 1RRO1011 


Auto Increment/Decrement R increment By 1 

Increment By 2 

Decrement By 1 
Decrement By 2 
8 Bit Offset 

16 Bit Offset 


16 Bit Address 


Constant Offset From PC 
(2’s Complement Offsets) 


Extended Indirect 
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a and } indicate the number of additional cycles and bytes for the particular variation. 
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added to the basic values for indexed addressing for each 
variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. This 
is the fastest indexing mode. 
Examples are: 
LDD_ _0,X 
LDA S 


Constant Offset Indexed 

In this mode, a two’s-complement offset and the contents of 
one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 

5-bit (—16 to +15) 
8-bit (—128 to +127) 

16-bit (—32768 to +32767) 

The two’s complement 5-bit offset is included in the 
postbyte and, therefore, is most efficient in use of bytes and 
cycles. The two’s complement 8-bit offset is contained in a 
single byte following the postbyte. The two’s complement 
16-bit offset is in the two bytes following the postbyte. In most 
casés the programmer need not be concerned with the size of 
this offset since the assembler will select the optimal size 


automatically. 
Examples of constant-offset indexing are: 
LDA =. 23,X 
LDX -25S 
LDY 300,X 
LDU CAT,Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B or 
D) and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator to use as an 
offset and no additional bytes are required. The advantage of an 
accumulator offset is that the value of the offset can be 
calculated by a program at run-time. 

Some examples are: 


LDA BY 
LDX _—iOD~Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or for 
the creation of software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto increment; 
but the tables, etc., are scanned from the “High” to “Low” 
addresses.- The size of the increment/decrement can be either 
one or two to allow for tables of either 8 or 16-bit data to be 
accessed and is selectable by the programmer. The pre- 
decrement, post-increment nature of these modes allow them to 
be used to create additional software stacks that behave 
identically to the U and S stacks. 
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Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,Xt+ 
STD sYt+ 
LDB -Y 
LDX -—S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 


0 > temp calculate the EA; temp is a holding register 
X+2>X perform autoincrement 
X—>(temp) do store operation 


@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index register and an 
offset. 

Before Execution 

A = XX (don’t care) 

X = $F000 


$0100 LDA [$10,X] EA is now $F010 
$FO10 $F1 $F 150 is now the 
SFO11 $50 new EA 

$FI50 $AA 


After Execution 
A = $AA Actual Data Loaded 
X = $FO00 
All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by | 
indirect). Some examples of indexed indirect are: 


LDA _ [,X] 
LDD [10S] 
LDA [B.Y] 
LDD  [,X++] 


e Relative Addressing 

The byte(s) following the branch opcode is (are) treated as a 
signed offset which may be added to the program counter. If 
the branch condition is true then the calculated address (PC + 
signed offset) is loaded into the program counter. Program 
execution continues at the new location as indicated by the PC; 
short (1 byte offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in long 
relative addressing as an effective address is interpreted modulo 
2!© Some examples of relative addressing are: 


BEQ CAT (short) 

BGT DOG (short) 
CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
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e 

e 

® 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs, Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 


LDA CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 


LDA 
LDU 


[CAT, PCR] 
[DOG, PCR] 


@ HD6809 INSTRUCTION SET 

The instruction set of the HD6809 is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 

Some of the new instructions and addressing modes are 
described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The puil instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence is 
fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 





< Pull Order Push Order > 
PC U Y X DP B A_ CC 
FFFF...<- increasing memory address .....0000 


PC S  Y xX DP B A_ CC 





eTFR/EXG 

Within the HD6809, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4-7 of postbyte define the source register, while 
bits 0-3 represent the destination register. Three are denoted as 
follows: 


0000 — D 0101 — PC 
0001 — X 1000 — A 
0010 — Y 1001 — B 
0011 -— U 1010 — CC 
0100 -— S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 
TRANSFER/EXCHANGE POST BYTE 


SOURCE {DESTINATION 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 4. 

The LEA instruction also allows the user to access data in a 
position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
e 
e 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSG1, 
PCR, the assembler computes the distance between the present 
address and MSG]. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: | 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1.b-temp (calculate the EA) 

2.b+1>b (modify b, postincrement) 

3. temp~>a_ (load a) 


LEAa, — b 

1. b —1—>temp (calculate EA with predecrement) 
2.b—1>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 4 LEA Examples 


X+10 >X 
X +500-> X 
Y+tA >-Y 
Y+D -Y 
U-10 >U 
$-10 >-S$ 
$+10-S 
$+5 >X 

















Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit accumulator to Y 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 


Instruction 


LEAX 10, X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU —10, U 
LEAS -10,S 
LEAS 10,5 
LEAX 5,S 















@ MUL 


Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long And Short Relative Branches 

The HD6809 has the capability of program counter relative 
branching throughout the entire memory map. In this mode, if 
the branch is to be taken, the 8 or 16-bit signed offset is added 
to the value of the program counter to be used as the effective 
address. This allows the program to branch anywhere in the 64k 
memory map. Position independent code can be easily gene- 
rated through the use of relative branching. Both short (8-bit) 
and long (16-bit) branches are available. 


@ SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Syne state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ are 
not edge-triggered, a “Low” level with a minimum duration of 
three bus cycles is required to assure that the interrupt will be 
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its 
mask bit (F or I) set, the processor will clear the Sync state and 
continue processing by executing the next inline instruction. 
Fig. 19 depicts Sync timing. 
Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software In- 
terrupts are useful in operating system calls, software debug- 
ging, trace operations, memory mapping, and software devel- 
opment systems. Three levels of SWI are available on this 
HD6809, and are prioritized in the following order: SWI, SWI2, 
SWI13. 
16-Bit Operation 

The HD6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, sub- 
tracts, transfers, exchanges, pushes and pulls. 





m CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809. Each instruc- 
tion begins with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this technique 
considerably speeds throughput.) Next, the operation of each 
opcode will follow the flow chart. VMA is an indication of 
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FFFF,, on the address bus, R/W=“High” and BS="Low”. 
The following examples illustrate the use of the chart; see Fig. 
20. 


Example 1: LBSR (Branch Taken) 
Before Execution SP = FO0O 











$8000 LBSR CAT 
$A000 CAT : 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 17 1 Opcode Fetch 
2 8001 1F l Offset High Byte 
3 8002 FD 1 Offset Low Byte 
4 FFFF * 1 VMA Cycle 
5 FFFF * 1 VMA Cycle 
6 A000 * 1 Computed Branch 
Address 
7 FFFF 7 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 7A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


= HD6809 INSTRUCTION SET TABLES 
The instructions of the HD6809 have been broken down into 
five different categories. They are as follows: 
8-Bit operation (Table 5) 
16-Bit operation (Table 6) 
Index register/stack pointer instructions (Table 7) 
Relative branches (long or short) (Table 8) 
Miscellaneous instructions (Table 9) 
HD6809 instruction set tables and Hexadecimal Values of 
instructions are shown in Table 10 and Table 11. 
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Last Cycle Sync Last Cycle 
of Sync 


of Previous Opcode now! ; 
ndash Fetch a Syne Ack’ ecige posmveticny 





(NOTES) * If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1. 
However, if the interrupt is accepted (NMI or an unmasked FIRG or TRQ) interrupt processing continues with this cycle as (m) on Figure 9 


and 10 (Interrupt Timing). 
** If mask bits are clear, TRO and FIRQ must be held ‘‘Low” for three cycles to guarantee that interrupt will be taken, although only one 
cycle is necessary to bring the processor out of SYNC. 


Figure 19 Sync Timing 


Opcode (Fetch) 


Opcode + 
2 Bytes Nv. 
Opcode 
N 
Long Short Immediate Direct Extended Indexed 
Branch] Branch & 
Inherent Opcode + 
VMA Opcode + 
Opcode + cua. ACCA Offset] Auto Auto JR+t 16-Bit R+D PC + | Extendudl No Offset 
vix ACCB Offset} Inc/Dec] Inc/Dec 16-Bit] tndirect 
R+5Bit By1 By 2 
R+8 Bit 
PC +8 Bit 
Opcode + Opcode + Opcode + Opcode + 
Take Y VMA Opcode + Opcode + Opcode + Opcode + 
Branch Y eae ee oo i 
VMA VMA ahs otha V 
N VMA VMA ahs ot od oR wn 
N (NOTE) VMA 
ADDR 
BSR y 
LBSR 
Y 
Indirect (H)} 
VMA N Indirect (L) 
VMA 
Stack (Write) 
Stack (Write) 


C_ Feen_) ‘ 


(NOTE) Write operation during store instruction. 


Figure 20 Address Bus Cycle-by-Cycle Performance 
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(NOTE) STACK’: Address stored in stack pointer before execution. 
STACK": Address set to stack pointer as the result of the execution. 


Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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ADCB 
ADDA 
ADDB 
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ANDB 
BITA 
BITB 
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a> (Write) 
VMA VMA ADDR+ STACK ADDR+ 
ADDR+ ADDR VMA vMA (Write) (Write) 


Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Table 5 8-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 

ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 
COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TFR R1, R2 


Operation 


Add memory to accumulator with carry 


Add memory to accumulator 

And memory with accumulator 

Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or memory location 

Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive or memory with accumulator 

Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 

Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (A x B > D) 

Negate accumulator or memory 





Or memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 


Transfer R1 to R2(R1, R2= A,B, CC, DP) 





(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 


Table 6 16-Bit Accumulator and Memory Instructions 


Mnemonic(s} Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D,R Exchange D with X, Y, S, U or PC 

LDD Load D accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 
STD Store D accumulator. to memory 

SUBD Subtract memory from D accumulator 

TFR D,R Transfer D to X, Y, S, Uor PC 

TFR R,D Transfer X, Y,S, Vor PC toD 


(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 
instructions. 
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Table 7 Index Register/Stack Pointer Instructions 








Mnemonic(s) Operation 

CMPS, CMPU Compare memory from stack pointer 

CMP X, CMPY Compare memory from index register 

EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX, LDY Load index register from memory 

PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS Pull A, B, CC, OP, D, X, Y, U or PC from hardware stack 
PULU Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1,R2 Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 
ABX Add B accumulator to X (unsigned) 


Table 8 Branch Instructions 


Mnemonic(s) Operation 


SIMPLE BRANCHES 
































BEQ, LBEQ Branch if equal 
BNE, LBNE Branch if not equal 
BMI, LBMI Branch if minus 
BPL, LBPL Branch if plus 
BCS, LBCS Branch if carry set eae 
BCC, LBCC Branch if carry clear 
BVS, LBVS Branch if overflow set 
BVC, LBVC Branch if overflow clear 
SIGNED BRANCHES 
BGT, LBGT Branch if greater (signed) 
‘BGE, LBGE Branch if greater than or equal (signed) 
BEQ, LBEQ Branch if equal 
BLE, LBLE ~ |’ Branch if less than or equal (signed) 7 
BLT, LBLT Branch if lessthan (signed) : 








UNSIGNED BRANCHES 






















BHI, LBHi Branch if higher (unsigned) 
BHS, LBHS Branch if higher or same (unsigned) 
BEQ, LBEO Branch if equal 













BLS, LBLS 
BLO, LBLO 


Branch if lower or same (unsigned) 





Branch if lower (unsigned) 
OTHER BRANCHES 
Branch to subroutine 
















BSR, LBSR 
BRA, LBRA 
BRN, LBRN 





Branch always 











Branch never 
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JSR 


Mnemonic(s) 
ANDCC 

CWA! 

NOP 

ORCC 

JMP 

RT! 

RTS 

SWI, SWI2, SWI3 
SYNC 





Table 9 Miscellaneous Instructions 


Operation 

AND condition code register 

AND condition code register, then wait for interrupt 
No operation 

OR condition code register 





Jump 

Jump to subroutine 

Return from interrupt 

Return from subroutine 

Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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Table 10 HD6809 Instruction Set Table 


HD6809 ADDRESSING MODES 
































| — 
NS TOAMS  |_IMPLIED | DIRECT | EXTENDED IMMEDIATE | INDEXED®| RELATIVE | pescription [5[3]2|1]0 
[op|~ | # jop|~ |# |op|~ | # |or|~ |# |op|~ | # |op|~9|# | [H[N[2[ vic 
ABX 3A|3 1 anes Fe xD) @lelelele 
ADC ADCA 99 | 4] 2 |}89/5 |] 3 2 | 2 | AQ} 4+ | 2+ A+Mt+CoA pytityt yt 
ADCB 09/4); 2 |F9/5 | 3 2 | 2 | &9) 4+ | 2+ B+M+C—>B pytytyt]t 
ADD ADDA 9B | 4] 2 |BB! 5] 3 2 | 2 | AB} 4+ | 2+ A+M>A typ ytytas 
ADDB DB| 4] 2 |FB! 5 3 2 | 2 | EB; 4+ | 2+ B+M-B tltytytit 
ADDD D3|6|2 |F3/7 | 3 4 | 3 |€3) 6+ | 2+ D+M:M+1—>D je/ti tit] + 
ANDO ANDA 94/4] 2 |84/5 | 3 2 | 2 {A4| 4+ | 2+ AAM>A e;t|tj;oj;e 
ANDB D4/4/]2 |F4/5 | 3 2 {2 | €4| 4+ | 2+ B AM->B @ert|/tj;oje 
ANDCC 3/2 CCA IMM~CC |( ®@ ) 
ASL ASLA | 48/2 /| 1 A Tm. «|@itititit 
ASLB 58/2 | 1 B [HITT “V@jtitytyt 
ASL 0g8 |6/2 178;7 | 3 68 | 6+ | 2+ Mj)° * 7 1@®lt{titi|t 
ASR ASRA /| 47/2 | 1 A Tr @®jtitje|s 
ASRB {57/2 {1 B ®l\tjtje|t 
ASR 07 |6 | 2 177)7 | 3 67 | 6+ | 2+ M) @ oe c1@ltitje|t 
BCC BCC Branch C=0 ejelielele 
LBCC Long Branch @leielele 
c=0 
BCS BCS Branch C=1 eje|eiele 
LBCS cers Branch @lelelele 
=1 
BEQ B6EQ Branch Z=1 @leleje |e 
LBEQ Eang Erencns eleljelele 
BGE BGE Branch N@®V=0 |e |e |@\/e/@ 
LBGE Long Branch el\ej/elele 
N©@ V=0 
BGT BGT Branch ZVIN@V)=0] @ |e |e) @/ © 
LBGT Long Branch @lelelele 
ZVIN @®V)=0 
BHI BHI Branch CVZ=0 |@)@/e@/@/@ 
LBHI Long Branch @/ejel;ele 
CVvZ=0 
BHS BHS Beane ejejelele 
LBHS Long Branch @jelelele 
c=0 
BIT BITA 95 |4/2 |B5; 5} 3 2 | A5| 4+ | 2+ Bit Test A(MAA){@ | t/t /Ole 
BITB D5| 4/2 |F5/5 | 3 2 | ES) 4+ | 2+ Bit Test B(M AB) |e |? | ¢t |O/@ 
BLE BLE Branch ZVIN®@V)=1/ @ |e |e |e |e 
LBLE Long Branch elelelele 
ZVIN @® V)=1 
BLO BLO Branch C=1 @ejeletele 
LBLO Long Branch @l\elelele 
c=i 
BLS BLS Branch @ejeleljele 
Cv2Z=1 
LBLS Long Branch @\elelele 
CV2Z=1 
BLT BLT Branch N }V=1 @lelel|ele 
LBLT Long Branch ejeleiele 
N@V=1 
BMI BMI Branch N=1 ejeljelele 
LBMI Long Branch e/@jeiel\e 
N=1 
BNE 8NE Branch Z =0 @leleieie 
LBNE Long Branch @lelelele 
Z=0 
BPL BPL Branch N=0 @elei;e\;e ie 
LBPL Long Branch ele eee 
N=0 
BRA BRA Branch Always eljelelel|e 
LBRA Long Branch/ @leie\ele 
Always 
BRN BRN Branch Never e\eleleie 
LBRN Long Branch Never! @ | @ |@ | @ | ¢@ 








(to be continued) 
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e 
INSTRUCTION/ 
FORMS 
BSR BSR 
LBSR 
BVC BVC 
LBVC 
BVS BVS 
LBVS 
CLR CLRA 
CLRB 
CLR 
CMP CMPA 
CMPB 
CMPD 
CMPS 
CMPU 
CMPX 
CMPY 
COM COMA 
COMB 
COM 
CWAI 
DAA 
DEC DECA 
DECB 
DEC 
EOR EORA 
EORB 
EXG- R1,R2 
INC INCA 
iNCB 
INC 
JMP 
JSR 
LD LDA 
LDB 
LDO 
LDS 
LOU 
LDX 
LDY 
LEA LEAS 
LEAU 
LEAX 
LEAY 
LSL LSLA 
LSLB 
LSL 
LSR LSRA 
LSRB 
LSR 
MUL 
NEG NEGA 
NEGB 
NEG 
NOP 
528 
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HD6809 ADDRESSING MODES 


[# [or[= [# [or[- [# [or|~ [+ | 





6F 
81} 2/2 ]A1 
c1/ 2/2 |e 
10/514 | 10 
83 A3 
wis |a4|4 
8c AC 
ais }4|4 
83 A3 
sc | 413 |ac 
1015 | 4 | 10 
8C AC 
63 
6A 
gs | 2/2 |as 
cg | 2/2 |€8 
6C 
ee | 
AD 
s6 {2/2 |aA6 
ce} 2|2 !€6 
cc; 313 |ec 
10/4 |4 |10 
CE EE 
ce| 3/3 |e 
se | 313 | AE 
10} 4/4 |10 
8E AE 
32 
33 
30 
31 
68 
64 
60 
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6+ 
4+ 
4+ 
7+ 
7+ 
7+ 
6+ 


7+ 


6+ 


6+ 


4+ 
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DESCRIPTION 

Branch to e 
Subroutine 

Long Branch to e 
Subroutine 

Branch V=0 e 

Long Branch e 

Vv=0 

Branch V=1 e 

Long Branch e 

vV=1 

O-A e 

O-8B ° 

O-M e 

Compare M from Al’& 

Compare M from B|(& 

Compare M: M+1/@ 
from D 

Compare M: M+1/@ 
from S 

Compare M: M+1/@ 
from U 

Compare M: M+1/¢ 
from X 

Compare M: M+ 1 /@ 
from Y 

A>A e 

B-B e 

MM e 

CC AIMM=>CC IG 


(except 1-£) 
Wait for Interrupt 
Decimal Adjust A |@ 
A-1-A e 
B-1-B e 
M-—-1->M e 
A@MoA e 
BaM-B e 
R1- R22 ‘ 
At+1-A e 
B+1-B8 e 
M+1—>-M e 
EA® -- PC e 
Jump to Subroutine] e 
® 
e 
e 
e 
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HD6809 ADDRESSING MODES 























INSTRUCTION 
FORMS ‘TIMPLIED | DIRECT [EXTENDED INDEXED RELATIVE | pescription [8/3 [2/110 
op|~ [# [op] ~ | #]| op|~ #{or|~ |e # [op] ~*| # HInizlvle 
OR ORA 9A} 4 | 2} BA| 5 3 | 8A) 2 AA} 4+ AVM-A elt |t|oje 
ORB DA| 4| 2| FA! 5 3 | CA} 2 EA} 4+ ByM-B @eit|ij;oje 
ORCC 1A| 3 5 CCv IMM—~CC | (+17 Gee. 
PSH PSHS 34/ 5+9%| 2 Push Registerson |@|@ |@|e@/@ 
§ Stack 
PSHU | 36 | 5+®| 2 Push Registerson | @|@/|e/@/ ¢@ 
U Stack 
PUL PULS 35 | 5+4} 2 Pull Registers from) (+——~40 + ) 
me S Stack 
PULU 37 | 5+2| 2 Pull Registers from| (+—|‘t0. |\—~+ ) 
U Stack 
ROL. ROLA /|49| 2 1 A @eirytyr]t 
ROLB 59] 2 1 B @eyiyryt lt 
ROL 0g; 6; 2| 79/7 3 69 | 6+ | 2+ M) © vor pert yt ir yt 
ROR RORA |46! 2 1 A @ei;titielt 
RORB /|56/ 2 1 B @eytitielt 
ROR 0o6| 6 {| 2} 76| 7 3 66 | 6+ | 2+ M) & Ahh fe yi tyes 
RTI 3B |6/15) 1 Return From (7—|'7.--+) 
Interrupt 
RTS 39) 5 1 Return From elelelele 
Subroutine | : 
SBC SBCA 92} 4] 2} B2; 5 3 | 82/ 2) 2 | A2| 4+ | 2+ A-M-—-C-A Bltyr ytd 
SBCB D2 2| F2/ 5 3 | C2] 2) 2 | E2| 4+ | 2+ B-M-C-B elt ytytyt 
SEX 10} 2 | 1 Sign Extend B @ejt|ijer,e 
into A 
ST STA 97 | 4 2| B7/ 5 3 A7| 4+ | 2+ A-M e;t]tj/Q:e 
STB O07/ 4); 2| F7| 5 3 E71 4+ | 2+ BoM @eitjtlole 
STD DD; 5; 2] FD| 6 3 ED] 5+ | 2+ D-M: M+1 @it|t/oje 
STS 10} 6] 3] 10] 7 4 10 | 6+ | 3+ S-M:M+1 @eit|t jo ;e 
DF FF EF 
STU DF; 5 | 2| FF| 6 | 3 EF | 5+ } 2+ U-M:M+1 @eitjtj|o.e 
STX 9F; 5 | 2| BF! 6 3 AF | 5+ | 2+ X>M:M+1 eitit/oaje 
STY 10; 6/3} 10|7/] 4 10 | 6+ | 3+ Y-M:M+1 eitl!|o;e 
9F BF AF 
SUB SUBA 90/ 4] 2} BO; 5 3; 80} 2} 2 | AO} 4+ | 2+ A-M-A Bit iti|r it 
SUBB DO; 4] 2! FO; 5 | 3] CO} 2! 2 | EO] 4+ | 2+ B-M-—-B Bit ipyt]t 
SUBD 93 | 6] 2} B3) 7; 3]83) 4] 3 | A3| 6+ | 2+ D-M:M+1-Dieit jtyt]t 
swi Swi® /3F {19 | 1 | ‘Software Interruptl;}e |e |e ele 
swi2” |10 {20 | 2 | ie et Software Interrupt2; @ -@ |@/@/¢@ 
3F | | | 
SWI3® |11120 | 2 H | | | Software Interrupt3| @ | @ |e |e! @ 
3F i | 
SYNC 13 }>2 | 1 | | Synchronizeto |e |lelejeie 
' Interrupt | 
TFR R1,R2 |1F| 6 12 R1- R22 (+—| 40 + ) 
TST TSTA 4D} 2 1 Test A @it|t jo \e 
TSTB 5D} 2 1 Test 8B elitist j;ole 
TST oD; 6 | 2} 7O| 7 3 6D | 6+ | 2+ Test M eititiole 


















































(NOTES) 


@ This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
@ R11 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S, D, PC 
(3) EA is the effective address. 
(4) The PSH and PUL instructions require 5 cycle plus 1 cycie for each byte pushed or pulled. 
) 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
‘© SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 
‘Conditions Codes set as a direct result of the instruction, 
‘8 Value of half-carry flag is undefined. 
@ Special Case — Carry set if b7 is SET. 
49 Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 


LEGEND: 

OP Operation Code (Hexadecimal) 
Number of MPU Cycles 
Number of Program Bytes 
Arithmetic Plus 

Arithmetic Minus 


Zero (byte) 

Overflow, 2’s complement 

Carry from bit 7 

Test and set if true, cleared otherwise 
Not Affected 


Qe-n<n 


2zr!axi +42 


Multiply Cc Condition Code Register 
Complement of M Concatenation 

Transfer Into Vv Logical or 

Half-carry (from bit 3) A Logical and 

Negative (sign bit) @ Logical Exclusive or 
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Table 11 Hexadecimal Values of Machine Codes 


OP Mnem Mode ~ # OP Mnem Mode 
00 NEG Direct 6 2 30 LEAX Indexed 
01 * 31 LEAY 
02 = 32 LEAS 
03 COM 6 2 33 LEAU Indexed 
04 LSR 6 2 34 PSHS Implied 
0s * 35 PULS 
06 ROR 6 2 36 PSHU 
07 ASR 6 2 37 PULU 
08 ASL, LSL 6 2 38 sf 
09 ROL 6 2 39 RTS 
OA DEC 6 2 3A ABX 
0B * 3B «OR TI 
oc INC 6 2 3C 8©6CWAI 
oD TST 6 2 3D MUL 
OE JMP 3 2 3E * 
OF CLR Direct 6 2 3F SWI Implied 
10 } See - - - 40 NEGA Implied 
11 Next Page - - - 41 * 
12 NOP Implied 2 1 42 * 
13 SYNC Implied 2 1 43 COMA 
14 * 44 LSRA 
16 bg 45 * 
16 LBRA Relative 5 3 46 RORA 
17 LBSR Relative 9 3 47 ASRA 
18 * 48 ASLA, LSLA 
19 DAA Implied 2 1 49 ROLA 
1A ORCC Immed 3 2 44 DECA 
18 * 4B 
1c ANDCC Immed 3 2 4c INCA 
10 SEX Implied 2 1 4D TSTA 
1E EXG 8 2 4E * 
1F TFR Implied 6 2 4F CLRA Implied 
20 BRA Relative 3 2 50 NEGB Implied 
21 BRN 3 2 51 * 
22 BHI 3 2 52 * 
23 BLS 3 2 53 COMB 
24 BHS, BCC 3 2 54 LSRB 
25 BLO, BCS 3 2 55 * 
26 BNE 3 2 56 RORB 
27 BEQ 3 2 57 ASRB 
28 BVC 3 2 58 ASLB, LSLB 
29 BVS 3 2 59 ROLB 
24 = BPL 3 2 5A DECB 
2B BMI 3 2 5B * 
2c BGE 3 2 5C INCB 
2D =BLT 3 2 5D TSTB 
2E BGT 3 2 5E * 
2F BLE Relative 3 2 SF CLRB Implied 
LEGEND: 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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4+ 
4+ 
4+ 
4+ 
5+ 
5+ 
5+ 
5+ 


6,15 


20 
11 


19 


NN 


NNN N ND 


NN 


NNN N NH N 


NN 


# 


OP 


60 
61 

62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 
6D 
6E 
6F 


70 
71 

72 
73 
74 
75 
76 
77 
78 
79 
7A 
78 
7c 
7D 
7E 
7F 


80 
81 

82 
83 
84 
85 
86 
87 
88 
89 
8A 
8B 
8c 
8D 
8E 
8F 


Mnem 


NEG 


* 


* 


COM 
LSR 


ROR 
ASR 
ASL, LSL 
ROL 
DEC 


INC 
TST 
JMP 
CLR 


NEG 


* 


* 


COM 
LSR 
ROR 
ASR 
ASL, LSL 
ROL 
DEC 
* 
INC 
TST 
JMP 
CLR 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
BSR 
LDX 


* 


Mode ~ 
Indexed 6+ 
6+ 
6+ 
6+ 
6+ 
6+ 
6+ 
6+ 
6+ 
6+ 
3+ 
Indexed 6+ 
Extended 7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
4 
Extended 7 
Immed 2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
Immed 4 
Relative 7 
immed 3 


2+ 


2+ 
2+ 


2+ 
2+ 
2+ 
2+ 
2+ 


2+ 
2+ 
2+ 
2+ 


WWW WW w& 


NNN WNHN ND WWW WwW 


WN WNHN DN DY 
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OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
90 SUBA Direct 4 2 C6 LDB Immed 2 2 FC LOD Extended 6 3 
91 CMPA 4 2 C7 * FD STD 6 3 
92 SBCA 4 2 c8 EORB 2 2 FE LDU 6 3 
93 SUBD 6 2 C9 ADCB 2 2 FF STU Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LDA 4 2 cc LDD 3 3 2 Bytes Opcode 
97 STA 4 2 cD * 
98 EORA 4 2 CE LDU Immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF bs 1022 LBHI A 5(6) 4 
9A ORA 4 2 1023 LBLS j 5(6) 4 
9B ADDA 4 2 DO SUBB Direct 4 2 1024 LBHS, LBCC 516) 4 
9C CMPX 6 2 01 CMPB 4 4 2 1025 LBCS, LBLO 5(6) 4 
9D =JSR 7 2 D2 SBCB 4 2 1026 LBNE | 5(6) 4 
9E LDX 5 2 D3 ADDD | 6 2 1027 LBEQ | 5(6) 4 
OF STX Direct 5 2 D4 ANDB | 4 2 1028 LBVC | 5(6) 4 
05 BITB | 4 2 1029 LBVS 5(6) 4 
AO SUBA Indexed 4+ 2+ D6 LDB | 4 2 102A LBPL 5(6) 4 
Al CMPA 4 4+ 2+ D7 STB 4 2 102B LBMI 5{6) 4 
A2 SBCA 4+ 2+ D8 EORB | 4 2 102C LBGE 5(6) 4 
A3 SUBD 6+ 2+ D9 ADCB 4 2 102D LBLT 5(6) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT v 5(6) 4 
AS BITA 4+ 2+ DB ADDB 4 2 102F LBLE Relative 5(6) 4 
A6 LDA 4+ 2+ DC LDD 5 2 103F SWi2 Implied 20 2 
A7 STA 4+ 2+ DD STD 5 2 1083 CMPD immed 5 4 
Ag EORA 4+ 2+ DE LDU 5 2 108C CMPY 5 4 
AQ ADCA 4+ 2+ OF STU Direct 5 2 108E LDY tmmed 4 4 
AA ORA 4+ 2+ 1093 CMPD Direct 7 3 
AB ADDA 4+ 2+ EO SUBB indexed 4+ 2+ 109C CMPY 7 3 
AC CMPX 6+ 2+ E1 CMPB 4+ 2+ 109E LDY 6 3 
AD JSR 7+ 2+ E2 SBCB 4+ 2+ 109F STY Direct 6 3 
AE LDX y 5+ 2+ E3 ADDD 6+ 2+ 10A3 CMPD Indexed 7+ 3+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ 10AC CMPY 7+ 3+ 
: E5 BITB 4+ 2+ 10AE LDY 6+ 3+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ 10AF STY indexed 6+ 3+ 
B1 CMPA A 5 3 E7 STB 4+ 2+ 10B3 CMPD Extended 8 4 
B2 SBCA 5 3 E8 EORB 4+ 2+ 10BC CMPY 8 4 
B3 SUBD 7 3 EQ ACCB 4+ 2+ 10BE LDY 7 4 
B4 ANDA 5 3 EA ORB 4+ 2+ 10BF STY Extended 7 4 
BS BITA 5 3 EB ADDB 4+ 2+ 10CE LDS Immed 4 4 
B6 LDA 5 3 EC LOD 5+ 2+ 10DE LDS Direct 6 3 
B7 STA 5 3 ED STD 5+ 2+ 10DF STS Direct 6 3 
B8 EORA 5 3 EE LDU 5+ 2+ 10EE LDS indexed 6+ 3+ 
B9 ADCA 5 3 EF STU Indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA 5 3 FO SUBB Extended 5 3 10FF STS Extended 7 4 
BC CMPX 7 3 F1 CMPB 5 3 113F SWI3 implied 20 2 
BD JSR 8 3 F2 SBCB 5 3 1183 CMPU Immed 5 4 
BE LDX 6 3 F3 ADODD 7 3 118C CMPS Immed 5 4 
BF STX Extended 6 3 F4 ANDB 5 3 1193 CMPU Direct 7 3 
F5 BITB 5 3 119C CMPS Direct 7 3 
co suBB Immed 2 2 F6 LOB 5 3 11A3 CMPU indexed 7+ 3+ 
ci CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2 SBCB 2 2 F8 EORB 5 3 11B3 CMPU Extended 8 4 
c3 ADDD 4 3 F9 ADCB 5 3 11BC CMPS Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
c5 BITB tmmed 2 2 FB ADDB Extended 5 3 


(NOTE): All unused opcodes are both undefined and illega! 
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a NOTE FOR USE ; sequence by setting BA, BS to “‘High” level. However, 
[1] Exceptional Operation of HD6809 . in the conditions shown below the assertion of BA, BS 
(a) Exceptional Operations of DMA/BREQ, BA signals delays one clock cycle. 
(#1) < Conditions for the exception > 
HD6809 acknowledges the input signal level of (1) DMA/BREQ : “Low” for 6~13 cycles 
DMA/BREQ at the end of each cycle, then determines (2) DMA/BREQ : “High” for 3 cycles 


whether the next sequence is MPU or DMA. When 
“Low” level is detected, HD6809 executes DMA 


Dead DMA cycle Dead MPU cycle Dead DMA cycle 
cycle cycle cycle 


MPU 
cycle 








Assertion of 


6~13 cycles 3 cycles 


BA delays 
one clock 
cycle 


Figure 21 Exception of BA, BS Output 





(b) Exceptional Operations of DMA/BREQ, BA signals verce cycle steal. And it is only cleared if DMA/BREQ is 
(#2) inactive (“High”) for 3 or more MPU cycles. So 1 or 2 
HD6809 includes a self refresh counter for the re- inactive cycle(s) doesn’t affect the self refresh counter. 


See eee a Le 
! t 

! 

1 cycle “High” 

1 

{ 

| 

| 

! 

1 

1 

1 

1 

iT 


1 
1 
| 
1 
I 
| 
t 
t 
' 
t 
| 


DMA/BREQ \ 1 
t 
1 i} 
reap i 
BA, BS | , 


1 t 
i 
i) 

hte ae ! 


| ' ' 
' I 





t 
1 
1 
i 
' 
1 
1 
I 
! 
t 
1 
J 
t 
t 
' 


Self Refresh 
counter 


| 


’ 
' 
Reverse cycle steal 
\ effective (15 cycles) : : 
t ‘ ' 

! 

| 


es a 
i 
'9 \ i 1 ! : 
2 cycles “High” | cycles ! | 
DMA/BREQ \ ; ! ! —: 
1 1 1 
I 


BA, BS i Tee \ ! Y 


1 

1 . 
| 

1 1 t } 1 


Self Refresh 
counter a ee ee ee ee RE IT eT 
effective (15 cycles} Reverse cycle steal 


Figure 22 Exception of DMA/BREQO 
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(c) How to avoid these exceptional operations active DMA/BREQ level as shown in F ig. 23. 


It is necessary to provide 4 or more cycles for in- 
BA, BS / \ / 


Figure 23 How to Avoid Exceptional Operations 





DMA/BREG 


[2] Restriction for DMA Transfer (a) An Example of the System Configuration 
There is a restriction for the DMA transfer in the HD6809 This restriction is applied to the following system. 
(MPU), HD6844 (DMAC) system. Please take care of fol- (1) DMA/BREQ is used for DMA request. 
lowing. (2) ‘Halt Burst Mode” is used for DMA transfer 


DMA/BREQ 
DMA transfer 
request 


HD6809 HD6844 


(MPU) (DMAC) 


DGRNT 





DMA acknowledge 


Figure 24 An Example of HD6809, HD6844 System 


/ The restriction is also applied to the system which doésn’t \ 
( use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which 
uses 7474 for synchronizing DMA request with E. yi 


(b) Restriction reverse cycle steals once in 14 DMA cycles by taking 
“The number of transfer Byte per one DMA Burst back the bus control. In this case, however, the action 
‘transfer must be less than or equal to 14.” taken by MPU is a little bit different from the DMAC. 

Halt burst DMA transfer should be less than or As shown in Fig. 25, DMA controller can’t stop 
equal to 14 cycles. In another word, the number DMA transfer (@) by BA falling edge and excutes 
stored into DMA Byte count register should be O~14. an extra DMA cycle during HD6809 dead cycle. So 

MPU cycle is excuted right after DMA cycle, the Bus 
* Please than care of the section [1](b) if 2 or more confliction occurs at the beginning of MPU cycle. 


DMA channels are used for the DMA transfer. 
(d) How to impliment Halt Bust DMA transfer 


(c) Incorrect operation of HD6809, HD6844 system (> 14 cycles) 
“Incorrect Operation” will occur if the number of Please use HALT input of HD6809 for the DMA 
DMA transfer Byte is more than 14 bytes. If DMA/ request instead of DMA/BREQ. 





BREQ is kept in “Low” level HD6809 performs 
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14 cycles 


E 
[HD6809 side | side 
HD6809 reverse 
DMA/BREQ cycle steal 
; te 


HD6809 4s 
MA 4 
cycle Me Vcyee E0694 MAcycles | MAcycles eyels 5 i me DMINeveles 


MPU cycle is 
excuted right 
after DMA, 

Fe Bus confliction 
occurs. 











DGRNT 
(BA) Si 
HD6844 DMA | MAcycles DMA cycles 
cycles 
a\| 
MPU sets BA to inactive “Low” 
for reverse cycle steal, But 
DMAC couldn’t acknowledge 
the request and performs 
extra DMA during Dead cycle. 
Figure 25 Comparison of HD6809, HD6844 DMA cycles 
[3] Note for CLR Instruction Example: CLR (Extended) 
Cycle-by-cycle flow of CLR instruction (Direct, Ex- 
tended, Indexed Addressing Mode) is shown below. In this ao ee o - 
sequence the content of the memory location specified by 
the operand is read before writing “00” into it. Note that Cycle# Address Data R/W Description 
status Flags, such as IRQ Flag, will be cleared by this extra 1 8000 TF 1 Opcode Fetch 
data read operation when accessing the control/status 2 8001 AO 1 Operand Address, 
register (sharing the same address between read and write) High Byte 
of peripheral devices. 3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed “00” 


into Specified 
Location 
* The data bus has the data at that particular address. 
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MIP U(Micro Processing Unit) 


The HD6809E is a revolutionary high performance 8-bit 
microprocessor which supports modern programming techniques 
such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 


by the presence of powerful addressing modes. The HD6809E 


has the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809E has hardware and software features which 
make it an ideal processor for higher level language execution 
or standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

HD6800 COMPATIBLE 

@ Hardware — Interfaces with All HMCS6800 Peripherals 

@ Software — Upward Source Code Compatible Instruction Set 
and Addressing Modes 

ARCHITECTURAL FEATURES 

Two 16-bit Index Registers 

Two 16-bit Indexable Stack Pointers 

Two 8&bit Accumulators can be Concatenated to Form One 

16-Bit Accumulator 

Direct Page Register Allows Direct Addressing Throughout 

Memory 

HARDWARE FEATURES 

External Clock Inputs, E and QO, Allow Synchronization 

TSC Input Controls Internal Bus Buffers 

LIC Indicates Opcode Fetch 

AVMA Allows Efficient Use of Common Resources in A 

Multiprocessor System 

BUSY is a Status Line for Multiprocessing 

Fast Interrupt Request !nput Stacks Only Condition Code 

Register and Program Counter 

@ Interrupt Acknowledge Output Allows Vectoring By Devices 

@ SYNC Acknowledge Output Allows for Synchronization to 

External Event 
@ Single Bus-Cycle RESET 
Single 5-Volt Supply Operation 
NMI Blocked After RESET Until After First Load of Stack 
Pointer 
Early Address Valid Allows Use With Slower Memories 
Early Write-Data for Dynamic Memories 
SOFTWARE FEATURES 
10 Addressing Modes 
* HMCS6800 Upward Compatible Addressing Modes 

Direct Addressing Anywhere in Memory Map 
* Long Relative Branches 
+ Program Counter Relative 

True Indirect Addressing 

Expanded Indexed Addressing: 

O, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 


HD6809E, HD68A09E, HD68B09E 


Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 


PIN ARRANGEMENT 





(Top View) 
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# ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range Topr °C 
Storage Temperature Range °C 


* With respect to Vss (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


™ RECOMMENDED OPERATING CONDITIONS 


Item Symbol | min | typ — | max | _unit 
Logic, O, RES vi" | 02 | 


VIH 


‘ 
re) 
rs) 
* 
<j;<|/</[<|< 


~ 

a 
° 

i?) 


* 


With respect to Vss (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V +5%, Vsg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


HD6809E HD68A09E 


x 
9 
a 
o 
a 
c=} 
o 
m 


Unit 


|e 
pr) 
ro) 

AR 

ao) 

* 

Ho 
py 
7) 
<j< 


< 
is] 
a 
< 
a 
a 


: 
as|s|s 
we oO 
Ls 
£8 
~ 
on 
: 
< 
* 


< 
Pe) 
a 


Input “High” Voltage 


< 


< 
B 
az 
< 
28 
Ea 


Logic, Q, RES in=0~ 
input Leakage Current lin va = i at 


Load = —205uA, 
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@ AC CHARACTERISTICS (Vcc = 5.0V +5%, Vgg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


READ/WRITE TIMING 


ftem 


Cycle Time 


Peripheral Read Access Times 
teyc — tef — taD — tpsR = tacc 


Data Setup Time (Read) 


Input Data Hoid Time 


Ta=0~ +75°C 


Output Data Hold Time 





Ta =-20~0°C 





Test 
tacc 











Address Hold Time 
(Address, R/W) 





Address Delay 

Data Delay Time (Write) 
E Clock “Low” 

E Clock “High” (Measured at VIH) 
E Rise and Fall Time 


Ta =0~ +75°C 






Ta =-20~0°C 


N 
° 





ter, tef 
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ie] 
°2] 
oO 
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Q Clock “High” 

Q Rise and Fall Time 

E ‘Low’ to Q Rising 

Q “High” to E Rising 

E “High” to Q Falling 
Q.“Low" to E Falling 


Interrupts HALT, RES and TSC Setup Time 


. TSC Drive to Valid Logic Levels 


TSC Release MOS Buffers to High Impedance 


TSC Three-State Delay 





Control Delay (BUSY, LIC) 


Control Delay (AVMA*) 





Processor Control Rise/Fall 


TSC Input Delay 


tPWOH 

















tpcr. tPCf 























* AVMA drives a not-valid data before providing correct output, so spec tcp max = 270 nsec (HD68A09E) and 240 nsec (HD68BO9E) are applied to 


this signal. When this delay time causes a problem in user's application, please use D-type latch to get stable output. 
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Re, A> <a 
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* Hold time for BA, BS not specified 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘’High’’= Vitimin and logic “Low” = Vitmax unless otherwise specified. 


Figure 1 Read Data from Memory or Peripherals 


ter 


Vite 





R/W iw —— 4 ax“ 
oASs: <Q OS 


tap toHW 


= Yi 
\\\\\) Not Valid 


* Hold time for BA, BS not specified 
(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vitimin and logic “Low” = Vit max unless otherwise specified. 


Figure 2 Write Data to Memory or Peripherals 
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Figure 3 HD6809E Expanded Block Diagram. 


om 


5.0 V = PROGRAMMING MODEL 


As shown in Figure 5, the HD6809E adds three registers to 
Re =22k2 the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Teo pathe Index Register. 
@ Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. ; 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
C = 30 pF for BA, BS, LIC, AVMA, BUSY Register, and is formed with the A Register as the most 

130 pF for Do ~D; ‘significant byte. 

90 pF for Ao ~Ais, R/W , 

a - © Direct Page Register (DP 
a io 2 - Ee oe R/W The Direct Page Register of the HD6809E serves to enhance 

24 kQ for BA, BS, LIC, AVMA, BUSY the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag ~ Aj5) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
Figure 4 Bus Timing Test Load cleared during Processor Reset. 


Cc R 


All diodes are 1$2074(H) or equivalent. 
C includes stray capacitance. 
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S — Hardware Stack Pointer 





Pointer Registers 


Program Counter 





Accumulators 


ep ce 
D 


7 


0 
Direct Page Register 


ts 0 
e{FiH]iiy{z[viec. CC — Condition Code Register 


Figure 5 Programming Model of The Microprocessing Unit 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 


© Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6809E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 


(NOTE) The stack pointers of the HD6809E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 


@ Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 


© Condition Code Register (CC) 
The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 6 Condition Code Register Format 


= CONDITION CODE REGISTER DESCRIPTION 


@ Bit 0 (C) 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


e@ Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1, 


© Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 
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@ Bit 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRO, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 


@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 


@ Bit 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 








© Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


# HDG6809E MPU SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V 5%. 


@ Address Bus (Ay ~ A;s) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,,., R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is “High” or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 


@ Data Bus (D, ~ D-) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A “Low” indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is “High” 
or when TSC is asserted. Refer to Figures 1 and 2. 


e RES 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE,, and FFFFi¢. 
(Table 1) when Interrupt Acknowledge is true, (BA « BS = 1). 
During initial power-on, the Reset line should be held “Low” 
until the clock input signals are fully operational. 

Because the HD6809E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 


HD6809E,HD68A09E,HD68BOS9E 


This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 


Table 1 Memory Map for Interrupt Vectors 









Memory Map for Vector 


Locations Interrupt Vector 


Description 









FFFE ES 
FFFC NMI 
FFFA Swi 
FFF8 TRO 
FFF6 FIRO 
FFF4 SWI2 
FFF2 SWI3 
Reserved 





@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven “High” indicating the buses are high impedance. BS 
is also “High” which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally. A halted state (BA « BS = 1) can be 
achieved by pulling HALT “Low” while RES is still “Low”. See 
Figure 8. 





® Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes “Low”, adead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 












MPU State 





MPU State Definition 





Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 





Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1, 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6809E is in a 
Halt condition. 
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AVMA 


BUSY 


m mtt m+2 m+3 m+4. m+5. mt+6, mt+7 n nt1. n+2 nt3 Se nt+6 as 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vitimin and logic “Low’’ = Viz max unless otherwise specified. 


Figure 7 RES Timing 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High’’ = Vipymin and logic “Low” = Vy, max unless otherwise specified. 
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Figure 8 HALT and Single Instruction Execution for System Debug 
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@ Non Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 





@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an Interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 











* NMI, FIRQ, and FRQ requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized. The pending interrupt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain “Low” until 
completion of the current instruction they may not be recognized. 
However, NMI is latched and need only remain ‘“‘Low” for one cycle. 





@ Clock Inputs E, 

E and Q are the clock signals required by the HD6809E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6809E. 


® BUSY 
Busy will be “High” for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 





of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also “High” during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a “‘test-and-set” primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid tcp after the rising edge of Q. 


e@ AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is “Low” when the MPU is in either a 
HALT or SYNC state. AVMA is valid top after the rising edge 
of Q. 


e Lic 

LIC (Last Instruction Cycle) is “High” during the last cycle 
of every instruction, and its transition from “High” to “Low” 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be “High”? when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid top after the rising edge of Q. 


e TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). ae 

While E is “Low”, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are ina 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 


@ MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6809E. 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vipin and logic “Low” = Vit max unless otherwise specified. 
E clock shown for reference only. 


Figure9 1RQ and NMI interrupt Timing 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic High" = Viumin and logic “Low” = Vit max unless otherwise specified. 
E clock shown for reference only. 
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Figure 10 FIROQ Interrupt Timing 
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Figure 11 HD6809E Clock Generator 


Memory Memory : 
Location Contents Contents Description 
PC > $0200 ASL Indexed Opcode 

$0201 | gor Extended Indirect Postbyte 
$o202| $63. |,_ Indirect Address Hi-Byte 
$0203 Indirect Address Lo-Byte 
$0204 get owe ty e peel Next Main Instruction 
$6300 } ges Effective Address Hi-Byte 
$6301 $D6 Effective Address Lo-Byte 
$E3D6 $5C Target Data 


| 


Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic “High” = Vjymin and logic Low" = Vi__ max unless otherwise specified. 


Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 
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R/W Addr 


MPU Data 


See Note 


(NOTES) Data will be asserted by the MPU only during the interval while R/W is “Low” and E or Q is “High”. 
Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vjimin and logic “Low” = Vit max unless otherwise specified. 


Figure 14 TSC Timing 
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(NOTES) 1. Asserting RES will result in entering the reset N | ae | 
sequence from any point in the flow chart. 
2. BUSY is “High during first vector fetch cycle. 
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HDG8O9E interrupt Structure 









Bus State 


rea [85 | 
Runnings 
interrupt or Reset Acknowiedge | 0 | 1_| 
[Syne Acknowedge «| 1 | 0 
| Hait Acknowledge | | tS 





Figure 15 Flowchart for HDG809E Instruction 
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= ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6809E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6809E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 

Constant Offset 

Accumulator Offset 

Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


‘ @ Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ Immediate Addressing 
In Immediate Addressing, the effective address of the data 

is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction), The HD6809E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with immediate 
Addressing are: 

LDA #320 

LDX #$F000 

LDY #CAT 


(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 


@ Extended Addressing 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 


@ Extended Indirect 

As a special case of indexed addressing (discussed below), 
one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 





@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register, 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6809E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 


LDA = $30 

SETDP $10 (Assembler directive) 
LDB = $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct 
addressing. 


@ Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 


TFR X,Y Transfer X into Y 

EXG A,B Exchanges A with B 

PSHS’ A,B, X,Y Push Y, X, B and A onto S 
PULU X,Y,D Pull D, X, and Y from U 


@ Indexed Addressing 

_ In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 


Indexed 


Post-Byte Register Bit Addressing 









































7[6[sl4]3]2]l1]o Mode 
olririala]a d EA =,R +5 Bit Offset 
1 RI] R oO oO if fe] 0 R+ 
1}Rir[ifolo 1 R++ 

_1[r[rR]ofofo 0 R 
1/}/RIiriito To 1 2=2R 
1[r[R{ifo[ilo]fo EA = .R +0 Offset 
1[ri[r][ifoli{o|{.4 EA = ,R + ACCB Offset 
+}ri[r[ifol[i1]1[o]  ea=.R+Acca Offs 
1frai[re[ililolo|o EA =, R+8 Bit Offset 
t{rjr{ifsfolo].4 EA =,R + 16 Bit Offset 
1 pata] i af o | 1f4 EA = R + D Offset 
1 BREE t}ol]o]  EA=,PC +8 Bit Offset 
1 0 1 EA = ,PC + 16 Bit Offset 
1 1 1 EA = {,Address) 


| 


comers Addressing Mode Field 
Indirect Field 
{Sigh bit when b7 = 0) 
Register Field: RR 
00 = X 


x = Don't Care o1-Y 
d = Offset Bit ae 
a {3 = Non Indirect 

1 = Indirect 


Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 


Type 








No Offset 


Constant Offset From R 
(2's Complement Offsets) 


5 Bit Offset 
8 Bit Offset 





Accumulator Offset From R 
(2’s Complement Offsets) 


B Register Offset 


D Register Offset | D,R | 1RRO1011 /4/0 | {[D,R] | 1RR11011 
F"inerement By 1_| _.R+ | 1RROOOOO 


Auto Increment/Decrement R 


Increment By 2 


Assembler 
Form 


Non Indirect Indirect 


Postbyte + Assembler Postbyte + 
OP Code mw Form OP Code oe 


1RRO0100 [,R] 1RR10100 | 3 


t+ + 
$b + 


oO 





| oR | 4 

16 Bit Offset n,R 1RRO1001 1RR11001 | 7 

A Register Offset A,R 1RRO00110 [A, R] 1RR10110 | 4 
iR + 








1RRO1000 {n, R] 1RR11000 
[n, R] 








0 

ORRnnannn 1 defaults to 8-bit 
1 
4 


O|N]—|oO|;oO 


o 
OCOlO!lOIN]— 


1 
1RROO101 | 1 (B, R] 1RR10101 | 4 
7 





not allowed 





[,R ++] 1RR10001 | 6/0 











Decrement By 1 





2 
1RROOO0O1 |3 
2 


1RRO0010 not allowed 





Decrement By 2 





1RROOO11 


[.--R] 





Constant Offset From PC 


8 Bit Offset 








1xx01100 


[n, PCR] 1xx11100 





(2’s Complement Offsets) 


16 Bit Offset 





1RR10011 | 6 
4 
8 





1xx01101 [n, PCR] 1xx11101 





16 Bit Address 


Extended Indirect 


R=X,Y,UorS RR: 
x = Don’t Care 00 = X 
O1=Y 
10=U 
11=S 








N}]N]-} oO 


0 
0 
0 
0 
1 
2 
=[ it [roars 5] 


+ and # indicate the number of additional cycles and bytes for the particular variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are: 
LDD 0,X 
LDA § 


Constant Offset Indexed 

In this mode, a two’s-complement offset and the contents 
of one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 


Three sizes of offsets are available: 
5-bit (—-16 to +15) 
8-bit (—128 to +127) 
16-bit (—32768 to +32767) 


The two’s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two’s complement 8-bit offset is contained in a single byte 
following the postbyte. The two’s complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 


Examples of constant-offset indexing are: 
LDA 23,X 
LDX = -2,S 
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LDY 
LDU 


300, X 
CAT, Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX D,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two, This addressing 
mode is useful in stepping through tables, moving data, or 
for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,Xt+t 
STD ,¥tt 
LDB ,-Y 
LDX ,--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 


0 -> temp calculate the EA; temp is a holding register 
X+2>X perform autoincrement 
X-—-(temp) do store operation 


@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 

A=XxX (don’t care) 

X = $FO000 


$0100 LDA [$10, X] EA is now $F010 
$FOIO $F1 $F 150 is now the 
$FOl1 $50 new EA 

$F150 $AA 


After Execution 
A= $AA (Actual Data Loaded) 
X = $FO000 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA {,X] 
LDD 10, S] 
LDA [B, Y] 
LDD [,X++] 


@ Relative Addressing 
The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2'©, Some examples of relative addressing 
are: 
BEQ CAT 
BGT DOG 


(short) 
(short) 


CAT LBEQ RAT (long) 


DOG LBGT RABBIT (long) 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT,PCR 

LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA _ [CAT, PCR] 
LDU = [DOG, PCR] 


® HDG6809E INSTRUCTION SET 

The instruction set of the HD6809E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464, 

Some of the new instructions are described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 





< Pull Order Push Order > 
PC U Y X ODP B A CC 
FFFF ....... < increasing memory address ....... 0000 
PC S Y X ODP B A CC 
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@ TFR/EXG 

Within the HD6809E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits O~3 represent the destination register. These are denoted 
as follows: 


0000 — D 0101 —PC 
0001 - X 1000 —A 
0010 —Y 1001 —-B 
0011 —U 1010 —CC 
0100 —S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 


TRANSFER/EXCHANGE POST BYTE 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
MSG1_ FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSGI, 
PCR, the assembler computes the distance between the present 
address and MSGI. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution, No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, bt+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b->temp (calculate the EA) 

2.b+1—+b (modify b, postincrement) 

3. temp >a_ (load a) 


LEAa, — b 

1. b—1-+temp (calculate EA with predecrement) 
2.b-—1>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 3 LEA Examples 











Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit A accumulator to Y 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 


Instruction 


LEAX 10, X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU —10, U 
LEAS -10,S 
LEAS 10,S 
LEAX 5,5 




















@ MUL 


Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long and Short Relative Branches 

The HD6809E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 


e SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor wiil clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 











Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6809E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 


16-Bit Operation 

The HD6809E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


@ CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF,, on the address bus, R/W = ‘‘High’’ and BS = “‘Low”’. 
The following examples illustrate the use of the chart; see 
Figure 18. 
Example 1: LBSR (Branch Taken) 

Before Execution SP = FO00 


$8000 LBSR CAT 


$A000 CAT 
CYCLE-BY-CYCLE FLOW 


Cycle# Address Data R/W Description 

1 8000 17 1 Opcode Fetch 

2 8001 1F 1 Offset High Byte 

3 8002 FD 1 Offset Low Byte 

4 FFFF * 1 VMA Cycle 

5 FFFF * 1 VMA Cycle 

6 FFFF * 1 VMA Cycle 

7 FFFF * 1 VMA Cycle 

8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 

9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 





Example 2: DEC (Extended) 


$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 TA 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 i Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


= HD6809E INSTRUCTION SET TABLES 
The instructions of the HD6809E have been broken down 
into five different categories. They are as follows: 
8-Bit operation (Table 4) 
16-Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 


HD6809E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 10. 
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Last Cycle Sync Last Cycle 
of Previous Opcode of Syne 


Instruction, Fetch Execute Syne Acknowledge Instruction 


| 
Address an Ge «5 ) SeenoreX Xd) 
| 
ai Pe a ee ee 
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(NOTES) 1. If the associated mask bit is set when the interrupt is requested, LIC will go ‘‘Low” and this cycle will be an instruction fetch from address 





location PC + 1. However, if the interrupt is accepted (NMI or an unmasked FIRQ or TRQ) LIC will remain “‘High’’ and interrupt processing 
will start with this cycle as (m) on Figure 9 and 10 (interrupt Timing). 

2. if mask bits are clear, 1RQ and FIRQ must be held “Low” for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 


3. Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Viyippin and logic ‘‘Low” = Vitmax unless otherwise 
specified. 


Figure 17 SYNC Timing 
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Opcode (Fetch) 


Long Short Immediate and 


Branch Branch Implied Direct 


Opcode + 


VMA 






Take 
Branch? 
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> 


VMA 


ine Write 
Stack Write 


(NOTE) 


2 Bytes 
Opcode 


N 


VMA 





Opcode + 


(Note 1) 
Y 
Extended Indexed 
Auto Auto 
Opcode + Inc/Dec tnc/Dec Opeode:+ PC+ Extended No 
| by 1 by2 R+16Bits| R+D 16Bits indirect Offset 
Tye Offset 
ve ACCA 
ACCB 
R+5Bit 
R+8 Bit 
PC +8 Bit 


Opcode + Opcode + Opcode + Opcode + 








VMA | | | 
y | VMA VMA VMA 
VMA VMA VMA VMA VMA 
VMA VMA VMA VMA VMA VMA VMA 
(Note 2) IN VMA 
ADDR 














Operation Y 
(Following 
Pages) Indirect (H), Busy < 1 
N Indirect (L), Busy <— 0 
VMA 
Y 
N 
VMA 


1. Busy = “High’’ during access of first byte of double byte immediate load. 
2. Write operation during store instruction. Busy = “High” during first two cycles of a double-byte access and the first cycle of read-modify-write access. 


3. AVMA is asserted on the cycle before a VMA cycle. 


Figure 18 Address Bus Cycle-by-Cycle Performance 
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LSS 


ASLA 
ASLB 
ASRA 
ASRB 
CLRA 
CLRB 
COMA 
COMB 
DAA 
DECA 
DECB 
INCA 
INCB 
LSLA 
LSLB 
LSRA 
LSRB 
NEGA 
NEGB 
NOP 
ROLA 
ROLB 
RORA 
RORB 
SEX 
TSTA 
TSTB 


Implied Page 


PSHU PULU swi 






ABX RTS TFR EXG MUL PSHS PULS SWI2 CWAI RTI 
SWI3 
VMA ADDR STACK (R) 
VMA _t _t 1 
VMA VMA VMA VMA VMA 
VMA VMA I | 
ne pane VMA VMA 
VMA VMA 1 
VMA VMA STACK (W) STACK (Ww) 
vMA vMA ADDR <sP STACK (W) STACK (Ww) 
VMA VMA STACK (W) STACK (W) 
ea S VMA VMA STACK (W) STACK (W) STACK (R) 
WMA VMA VMA orack (w)} STACK (W) STACK (W) STACK (R) 
VMA (Note 3) STACK (W) STACK (W) STACK {(R) 
VMA ore 42 STACK (W) STACK (W) STACK (R) 
VMA {Stack (r)} * STACK (W) STACK (Ww) STACK (R) 
(Note 3). 9 STACK (W) STACK (W) STACK (R) 
STACK (W) STACK (W) STACK (R) STACK (R) 
STACK (W) STACK (W} STACK (R) 
STACK (R) Cc 
STACK (W) STACK (W) STACK (R) 
a5 STACK (R) 
ADDR< SP VMA VMA j STACK {R) 
(Note 4) 
VECTOR (H), VECTOR (H), 
BUSY <1 BUSY <1 
VECTOR (L), VECTOR (L), ADDR < SP 
i 0 a <0 
VMA VMA 
(NOTES) 


1. Stack (W) refers to the following sequence: SP <- SP — 1, then ADDR < SP with R/W = “Low” 
Stack (R) refers to the following sequence: ADDR < SP with R/W = “‘High”, then SP <-SP + 1. 


PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 


Vector refers to the address of an interrupt or reset vector (see Table 1). 
The number of stack accesses will vary according to the number of bytes saved. 
VMA cycles will occur until an interrupt occurs, 
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Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 
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(NOTES) 
1. 


Non-implied 
ADCA LDD ASL TST ADDD JSR STD 
ADCB LDS ASR CMPD STS 
ADDA LDU CLR CMPS STU 
ADDB LDX COM CMPU STX 
ANDA LDY DEC CMPX STY 
ANDB INC CMPY 
BITA ANDCC LSL SUBD 
BITB ORCC LSR 
CMPA NEG 
CMPB ROL on ee 
VMA 
Coun ROF STACK (W) 
LDA STACK (W) 
LDB 
ORA 
ORB 
SBCA 
SBCB 
STA 
STB 
SUBA 
SUBB VMA, BUSY <1 ADDR + 
ADDR + 
BUSY <0 
VMA VMA ADDR + (W) 
ADDR + VMA ; 


Stack (W) refers to the following sequence: SP <- SP — 1, then ADDR < SP with R/W = “Low” 
Stack (R)} refers to the following sequence: ADDR < SP with R/W = “High”, then SP < SP + 1. 


PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 


2. Vector refers to the address of an interrupt or reset vector (see Table 1). 


pw 


. The number of stack accesses will vary according to the number of bytes saved. 
VMA cycles will occur until an interrupt occurs. 


Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 
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Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 
ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TFR Ri, R2 
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Table 4 8-Bit Accumulator and Memory Instructions 


Operation 
Add memory to accumulator with carry 
Add memory to accumulator 
And memory with accumulator 
Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 
Clear accumulator or memory location 
Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 
Decrement accumulator or memory location 
Exclusive or memory with accumulator 
Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 
Load accumulator from memory 
Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (A x B > D) 
Negate accumulator or memory 
Or memory with accumulator 
Rotate accumulator or memory left 
Rotate accumulator or memory right 
Subtract memory from accumulator with borrow 
Store accumulator to memory 
Subtract memory from accumulator 
Test accumulator or memory location 
Transfer R1 to R2(R1, R2= A, B, CC, DP) 


(NOTE) A, 8, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PUL) instructions. 


Table 5 16-Bit Accumulator and Memory Instructions 





Mnemonic(s) Operation 
ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D,R Exchange D with X, Y, S, U or PC 

LDD Load D accumulator from memory 

SEX Sign Extend B accumulator inte A accumulator 
STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D,R Transfer D to X, Y, S, U or PC 

TFR R,O Transfer X, Y,S, Vor PCtoD 


(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 
instructions. 
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Mnemonic(s) 
CMPS, CMPU 


CMPX, CMPY 


EXG R1, R2 
LEAS, LEAU 


LEAX, LEAY 


LDS, LDU 
LDX, LDY 
PSHS 

PSHU 

PULS 

PULU 

STS, STU 
STX, STY 
TFR R1, R2 
ABX 


Mnemonic(s) 


BEQ, LBEQ: 
BNE, LBNE 
BMI, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


Table 6 Index Register Stack Pointer Instructions 


Operation 
Compare memory from stack pointer 
Compare memory from index register 
Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 
Load effective address into index register 
Load stack pointer from memory 
Load index register from memory 
Push A, 8, CC, DP, D, X, Y, U, or PC onto hardware stack 
Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
Store stack pointer to memory 
Store index register to memory 
Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 
Add 8B accumulator to X (unsigned) 


Table 7 Branch Instructions 


Operation 
SIMPLE BRANCHES 
Branch if equal 
Branch if not equal 
Branch if minus 
Branch if plus 
Branch if carry set 
Branch if carry clear 
Branch if overfiow set 
Branch if overflow clear 





BGT, LBGT 


SIGNED BRANCHES 














Branch if greater (signed) 


























BGE, LBGE Branch if greater than or equal (signed) 
BEQ, LBEQ Branch if equal 
BLE, LBLE Branch if less than or equal (signed) 
BLT, LBLT Branch if less than (signed) 

UNSIGNED BRANCHES 
BHI, LBHI Branch if higher (unsigned) 
BHS, LBHS Branch if higher or same (unsigned) 
BEO, LBEO Branch if equal 
BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if tower (unsigned) 

OTHER BRANCHES 

BSR, LBSR Branch to subroutine 
BRA, LBRA Branch always 
BRN, LBRN Branch never 
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Mnemonic(s) 
ANDCC 
CWA! 

NOP 

ORCC 

JMP 

JSR 

RTI 

RTS 

SWI, SWI2, SW13 
SYNC 


HD6809E,.HD68A09E, HD68BO9E 


Table 8 Miscellaneous Instructions 


Operation 
AND condition code register 
AND condition code register, then wait for interrupt 
No operation 

OR condition code register 

Jump 

Jump to subroutine 

Return from interrupt 





Return from subroutine 
Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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INSTRUCTION/ 


FORMS 
ABX 
ADC ADCA 
ADCB 
ADD ADDA 
ADOB 
ADDO 
AND ANDA 
ANDB 
ANDCC 
ASL ASLA 
ASLB 
ASL 
ASR ASRA 
ASRB 
ASR 
BCC BCC 
LBCC 
BCS BCS 
LBCS 
BEQ  BEQ 
LBEQ 
BGE BGE 
LBGE 
BGT BGT 
LBGT 
BHI BHI 
LBHI 
BHS BHS 
LBHS 
BIT BITA 
BITB 
BLE BLE 
LBLE 
BLO BLO 
LBLO 
BLS BLS 
LBLS 
BLT BLT 
LBLT 
BMI BMI 
LBMI 
BNE BNE 
LBNE 
BPL BPL 
LBPL 
BRA BRA 
LBRA 
BRN BRN 
LBRN 
562 





3A) 3 


47 | 2 
57 | 2 














1 








99 
D9 


9B 
D3 


o 
bee) 
P&L OAL HAL 


D4 


08 | 6 


07 | 6 





95 | 4 
DS | 4 











NN MND YN 


2 
2 








Table 9 HD6809E Instruction Set Table 


BO 
FQ 


F3 


B4 
F4 


78 


77 


BS 
F5 








aa naa oa 





WW WWW WW 








89 2 2+ 
cg 2 2+ 
8B 2 2+ 
CB 2 2+ 
C3 3 2+ 
84 2 2+ 
C4 2 2+ 
1c 2 

2+ 

2+ 
85 2 2+ 
CS 2 | E5| 4+ | 2+ 
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3 
5(6) 
3 
5(6) 
3 
5(6) 
3 
5(6) 
3 
5(6) 


3 
5(6) 


5(6) 











ror]~ [# [or[~ [# [or|~ [# [or] ~ [# lorl~ |# lor]~>|e | 


nN 


Po) 


aN 











DESCRIPTION 


fUNe ng 
PUNRIGNED), 
B+M+C-B 


A+M-A 
B+M-8B 
D+M:M+1—>D 


AAM-A 
B AM>B 
CCA IMM— CC 


cb? bo 


M 


M 


Branch C=0 
Long Branch 
c=0 
Branch C=1 
Long Branch 
C=1 
Branch Z=1 
Long Branch 
2=1 
Branch N ®V=0 
Long Branch 
N @® V=0 
Branch ZV(N®V)=0 
Long Branch 
ZVIN ® V)=0 


Branch CV2=0 
Long Branch 
CV Z=0 
Branch 
C=0 
Long Branch 
C=0 
Bit Test A (MAA) 
Bit Test B (M AB) 
Branch ZUN@V)=1 
Long Branch 
ZVIN@®V)=1 


Branch C=1 
Long Branch 
c=1 
Branch 
CV Z=1 
Long Branch 
CV 2Z=1 
Branch N®V=1 


Long Branch 
N @®V=1 


Branch N=1 
Long Branch 
N=1 
Branch Z =0 
Long Branch 
Z=0 
Branch N=0 
Long Branch 
N=0 


Branch Always 
Long Branch/ 
Always 


b7 bo 


Branch Never 


$\ | 
SIC 


din a i i ie elz{e| 
= 
Ce HHH HEH NEO OOH Oe ein] Ns] 


C8 eee Hee 








ee wx 








Long Branch Never] @ 


eo @eea2@ erro CO Fee we efe]—| 
CO He HOH YwOB HHH HH BIDN/O 














ee wre 





ee oo 








(to be continued) 


INSTRUCTION/ 
FORMS 


BSR 


BVC 


BVS 


CLR 


CMP 


COM 


CWAI 


DAA 
DEC 


EOR 


EXG 
INC 


JMP 
JSR 
LO 


LEA 


LSL 


LSR 


MUL 


NEG 


NOP 


BSR 
LBSR 


BVC 
LBVC 


BVS 
LBVS 


CLRA 
CLRB 
CLR 


CMPA 
CMPB 
CMPO 


CMPS 
CMPU 
CMPX 
CMPY 


COMA 
COMB 
COM 


DECA 
DECB 
DEC 


EORA 
EORB 


R1,R2 


INCA 
INCB 
INC 


LDA 
LOB 
LOD 
LDS 


LOU 
LOX 
LOY 


LEAS 
LEAU 
LEAX 
LEAY 


LSLA 
LSLB 
LSL 


LSRA 
LSRB 
LSR 


NEGA 
NEGB 
NEG 





4F 
5F 


43 
53 


1€ 


4c 
5C 


48 
58 





oP 


NN 


20 


NN 


NON 








ie] 


91 
O01 
10 
93 
11 
9c 


93 
9C 


10 
9c 


03 


OA 


98 
08 


oc 
OE 
9D, 


D6 
oc 
10 


DE 
9E 


10 
9E 


08 


00 





~ Oo nN N NPD DD 


dah 


Aan Anak NW WwW OD 








IRECT 


w Ny WOW W WN AN 


NN 


WNN WNHNN NN NHN 





7A 


B8 
F8 


78 


74 


70 








on CO ODO WOH 


an 


NOOO NOW OO Db 


> OB & BF HWW W 


PWW BWWW WW W 
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4+ 


6+ 


6+ 


4+ 
4+ 


6+ 





be 


2+ 


2+ 


2+ 
2+ 


2+ 
2+ 
2+ 


2+ 
2+ 
2+ 
3+ 


2+ 


2+ 
3+ 


2+ 
2+ 
2+ 
2+ 


2+ 


2+ 


2+ 








RE 


8D 
17 
28 
10 
28 


29 
10 
29 
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7 

9 

3 
5(6) 


3 
5(6) 


[= [# [or[~ |# |or|~ [#|or|~ |# |or|~ | # [oP |-%) 


LATIVE 


| # 
2 
3 
2 
4 
2 
4 











DESCRIPTION 


Branch to 
Subroutine 
Long Branch to 
Subroutine 


Branch V=0 

Long Branch 
v=0 

Branch V=1 

Long Branch 

V=1 

O-A 

o-B 

Oo-M 


Compare M from Aj 
Compare M from B|( 
Compare M: M+1 


from D 


Compare M:M+i1j@{t | ¢ 


from S$ 


CompareM: M+1/@ 1/1 |? 


from U 


Compare M: M + 1 


el <|~| 
elalo 


5 {3 [2] 
[HN |Z] Vv 
@ie)\e 


Qe 


wer OCS 























e 
e 
0 
0 
0 
t 
t 
t 
t 
t 
t 
from X 
CompareM:M+1lelt iti t/t 
from Y 
A-A eit {?:/o]1 
B-B @jtitioj1 
M-M jt |t{|o}1 
CC AIMM=>CC_ [(-+-—-*D ) 
{except 1—-E) . a 
Wait for Interrupt 
Decimal Adjust A |@ |! /!t i@{t 
A-1-A eitititle 
B-1-8 @ejtitjytle 
M-1->M @eijtititise 
A@eM-A eit ]tj]olje 
BeM—B elt |t|ole 
R1i- R22 (+—1@ ) 
A+1—-A @eltlititite 
Bt+1-8B @eitititie 
M+1—>M ejtititle 
EA” - PC @eliejleljele 
Jump to Subroutine|/e@ je |e |e |e 
M-A eititiolje 
M-B @eit/tlole 
M:M+1—-D eit|t ja je 
M:M+1-S @eitjt/oje 
M:M+1—>U elit}jtjoO\e 
M:M+17X eit|tjoje 
M:M+17>Y eititjo le 
EA’ +5 ele ielele 
EA’ — U elelelele 
EAG — xX eleltlele 
EA? + Y eleltlele 
A _———— @eytitytit 
M e @eyriryt ys 
A —- ejojtielt 
Bree 9 |: |3 13 
M oF Weie (Ot (eo 1t 
AxB~D ele itle|® 
(Unsigned) 
A+1i+A @ltit}t is 
B+1-8 Mit ityt yt 
M+1i-M @it it t+ ys 
No Operation @ejejeieie 


(to be continued) 
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HD6809E ADDRESSING MODES 


INSTRUCTION/ |-———--HOS809E ADDRESSING MODES 
FORMS IMPLIED [| DIRECT [EXTENDED | IMMEDIATE | INDEXED®] RELATIVE | pescription [51312111 

































































1;0 
jor|~ |# [or] ~ |#| op|~ | # | op|~| # [or[~ | # [op] ~% « | H C 
OR ORA 9A} 4] 2} BA! 5S 3] 8A} 2} 2 | AA] 4+ | 2+ AVM-A @eititiole 
ORB DA} 4 | 2] FA] 5 3 | CA) 2 EA| 4+ | 2+ ByM-B @eitit/ole 
ORCC 1A| 3 cc v IMM—> CC ¢ e) ) 
PSH = PSHS 34| 542] 2 Push Registers on |e |e jejeje 
S Stack 
PSHU 36 | 5+9 Push Registers on | @|@ |e /|e|@ 
U Stack 
PUL PULS | 35/ 5+9 2 Pull Registers from alee ) 
S Stack 
PULU | 37 | 5+] 2 Pull Registers from| (+—|40 ) 
U Stack 
ROL ROLA |49} 2 1 A [ | | @ejrytyryt 
RoLB |so| 2 | 1 s| LULL) © ft Ja fr fa 
ROL 09; 6 | 2} 79/7) 3 6+ | 2+ Mj) ¢ who Te rp iti rss 
ROR RORA /|46] 2 1 A @e;t{tjelt 
RORB /|56} 2 1 B @eyritjelt 
ROR o6| 6 | 2] 76/7! 3 6+ | 2+ M) UU elt it felt 
RTI 3B |6/15) 1 Return From as heb) 
Interrupt 
RTS 39 | 5 1 Return From @l|ejelele 
Subroutine 
SBC SBCA 92| 4 2) B21 5 3 | 82! 2 4+ | 2+ A-M-C-A ®lt |p yrs 
SBCB D2 2| F2| 5 3 ;C2| 2 4+ | 2+ B-M-—C-B @}t}tytit 
SEX 1D} 2 1 Sign Extend B eititjele 
into A 
ST STA 97; 4 2| B7| 5 3 4+ | 2+ A-M @ejrir)/oje 
STB 07; 4 2} F7] 5 3 4+ | 2+ BM eit|t|/ole 
STD DD| 5 | 2] FDI 6 3 5+ | 2+ D-M: M+ 1 e;r it |ale 
STS 10/ 6 3) 10) 7 4 6+ | 3+ S->M:M+1 ejt|/t|ole 
DF FF 
STU DF; 5 | 2] FFI 6 3 5+ { 2+ U-+M:M+1 eit;stjoje 
STX 9F/ 5 2| BF 6 3 5+ | 2+ X>~M:M+1 eit|/r/oale 
STY 10} 6 |] 3} 10] 7 4 6+ | 3+ Y-M:M+1 eitii lo ,e 
OF BF 
SUB SUBA 90/ 4, 2] BO; 5 3 | 80) 2 4+ | 2+ A-M-A Bid |Iyryt 
SUBB DO; 4] 2} FO| 5 3 | CO; 2 4+ | 2+ B-M~B Bit {tyr 
SUBD 93} 6 |; 2] B3] 7 3 | 83] 4 6+ | 2+ D—-M:M+1—-Dje]tytir]t 
swi swi® /3F}19 | 1 Software Interrupt1|¢@ |@ |e |e |e 
swi2© 110 | 20 | 2 Software Interrupt2|e |e |e |e /e 
3F 
SWI3® |11} 20 | 2 Software Interrupt3 | @ |e |e |e/e 
3F 
SYNC 13. |}>2 | 1 Synchronize to @jel|eiele 
Interrupt 
TFR RI,R2 |1F| 6 | 2 R1 > R2® aes 40-4) 
TST TSTA 4D} 2 1 Test A eit itjol\e 
TSTB 5D] 2 1 Test B eit ltjoje 
TST oD; 6 | 2} 7D} 7 3 6D | 6+ | 2+ Test M @eititloje 
(NOTES) 


@ _ This cotumn gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
@ R11 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC, OP 
The 16 bit registers are: X, Y, U, S, D, PC 
@ EA is the effective address. 
@ The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
© SWlsets 1 and F bits. SW12 and SWI3 do not affect | and F. 
@ Conditions Codes set as a direct result of the instruction. 
(® Value of half-carry flag is undefined. 
© Special Case — Carry set if b7 is SET. 
4 Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 


LEGEND: 


OP = Operation Code (Hexadecimal) z Zero (byte) 

~ Number of MPU Cycles Vv Overflow, 2’s complement 

# Number of Program Bytes Cc Carry from bit 7 

+ Arithmetic Plus t Test and set if true, cleared otherwise 
- Arithmetic Minus e Not Affected 

x Multiply cc Condition Code Register 

M Complement of M : Concatenation 

> Transfer Into Vv Logical or 

H Half-carry (from bit 3) A Logical and 

N Negative (sign bit) @ Logical Exclusive or 
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Table 10 Hexadecimal Values of Machine Codes 








OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
00 NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 * 31 LEAY 4+ 2+ 61 7 

02 bd 32 LEAS 4+ 2+ 62 * 

03 COM 6 2 33 LEAU tndexed 4+ 2+ 63 COM 6+ 2+ 
04 LSR 6 2 34 PSHS implied 5+ 2 64 LSR 6+ 2+ 
0s * 35 PULS 5+ 2 65 . 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 * 68 ASL, LSL 6+ 2+ 
o9 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
OB bl 3B RTI 6,15 1 6B ‘ 

oc <‘INC 6 2 3c CWA! 20 2 6C INC 6+ 2+ 
0D TST 6 2 3D MUL 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3E £ 6E JMP 3+ 2+ 
OF CLR Direct 6 2 3F Swi Implied 19 1 6F CLR Indexed 6+ 2+ 
10 } See - ~ - 40 NEGA Implied 2 1 70 NEG Extended 7 3 
11 5 Next Page - = 41 * 7. A 

12 NOP Implied 2 1 42 * 72 * 

13 SYNC Implied 2 1 43 COMA 2 1 73 COM 7 3 
14 i 44 LSRA 2 74 LSR 7 3 
15 * 45 * 75 a 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 LBSR Relative 9 3 47 ASRA 2 1 77 ASR 7 3 
18 be 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 4A DECA 2 1 7A DEC 7 3 
1B * - 4B * 7B ‘ 

1C ANDCC tmmed 3 2 4c INCA 2 1 7¢ INC 7 3 
1D SEX Implied 2 1 4D TSTA 2 1 7D TST 7 3 
1E EXG 8 2 4E , 7E JMP 4 3 
1F TFR Implied 6 2 4F CLRA Implied 2 1 TF CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB Implied 2 1 80 SUBA Immed 2 2 
21. BRN 3 2 51 * 81 CMPA 4 2 2 
22 BHI 3 2 52 * 82 SBCA 2 2 
23 BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 * 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 * 

28 BVvC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2 
29 BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2 
2B BMI 3 2 5B . 8B ADDA v 2 2 
2C BGE 3 2 5C INCB 2 1 8c CMP X Immed 4 3 
20 BLT 3 2 5D TSTB 2 1 8D BSR Relative 7 2 
2e BGT 3 2 5E— * 8E LDX Immed 3 3 
2F BLE Relative 3 2 5F CLRB Implied 2 1 8F . 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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OP 


90 
91 

92 
93 

94 
95 
96 
97 
98 
99 
9A 
9B 
9C 
9D 
9E 
OF 


AO 
Al 

A2 
A3 
A4 
AS 
A6 
A7 
A8& 
AQ 
AA 
AB 
AC 
AD 
AE 
AF 


BO 
B1 

B2 

B3 
B4 
BS 
B6 
B7 

B8 
BS 
BA 
BB 
BC 
BD 
BE 
BF 


co 
c1 
C2 
C3 
C4 
cS 


Mnem 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LOX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LDX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LDX 
STX 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 


Mode 


Direct 


Direct 


Indexed 


A 





Indexed 


Extended 
4 





Extended 


tmmed 


immed 


Aor onoraS+h bh AAODAA 2 


WOPHRDBHhdEREAOHASH 
++eeeteeee Eee 


aa 
+ + 


DODOWONOAaAGCAAaananana 


NN &NN NY 


NNNNNNNNNNNNNNNDN FH 


NNNNNNNNNNNNNNNND 
+P ee ete ee PEST ESTE 


WWW WWW WW WWW WWW WW 


NN WNYD DL 


OP 


C6 
C7 
c8 
cg 
CA 
CB 
cc 
cD 
CE 
CF 


DO 
D1 
D2 
D3 
D4 
DS 
D6 
D7 
D8 
D9 
DA 
OB 
Dc 
DD 
DE 
DOF 


EO 
—1 

E2 
E3 
E4 
E5 
E6 
E7 
E8 
EQ 
EA 
EB 
EC 
ED 
EE 
EF 


FO 
Fi 

F2 
F3 
F4 
FS 
F6 
F7 
F8 
F9 
FA 
FB 


Mnem 


LDB 


EORB 
ADCB 
ORB 
ADDB 
LDD 


LDU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDB 
STB 
EORB 
ADCB 
ORB 
ADDB 
LDD 
STD 
LDU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LOB 
STB 
EORB 
ADCB 
ORB 
ADDB 
LDD 
STD 
LDU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDB 
STB 
EORB 
ADCB 
ORB 
ADDB 


(NOTE): All unused opcodes are both undefined and illegal 


566 


Mode 


immed 


Immed 


Direct 


Direct 


Indexed 


Indexed 


Extended 


Extended 
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WNNN ND 


w 


ananapphhP A HLAAAH AA AL 


gqaanaa»aanaa»n 


WNNN NY nN 


w 


NNNONNNNNNNNNNNNN 


WWWW WW WWW WW Ww 


OP 


FC 
FD 
FE 
FF 


1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
102A 
102B 
102C 
102D 
102E 
102F 
103F 
1083 
108C 
108E 
1093 
109C 
109E 
109F 
10A3 
10AC 
10AE 
10AF 
10B3 
10BC 
10BE 
10BF 
10CE 
10DE 
10DF 
10EE 
10EF 
10FE 
10F F 
113F 
1183 
118C 
1193 
119C 
11A3 
11AC 
11B3 
11BC 


Mnem 


LDD 
STD 
LDU 
STU 


Made 


Extended 


Extended 


2 Bytes Opcode 


LBRN 
LBHI 
LBLS 
LBHS, 
LBCS, 
LBNE 
LBEQ 
LBVC 
LBVS 
LBPL 
LBMI 
LBGE 
LBLT 
LBGT 
LBLE 
SWI2 
CMPD 
CMPY 
LDY 
CMPD 
CMPY 
LDY 
STY 
CMPD 
CMPY 
LDY 
STY 
CMPD 
CMPY 
LDY 
STY 
LDS 
LDS 
STS 
LDS 
STS 
LDS 
STS 
SWI3 
CMPU 
CMPS 
CMPU 
CMPS 
CMPU 
CMPS 
CMPU 
CMPS 


Relative 


LBCC 
LBLO 


Relative 
Implied 
tmmed 


Immed 
Direct 


Direct 
Indexed 


Indexed 
Extended 


Extended 
Immed 
Direct 
Direct 
Indexed 
Indexed 
Extended 
Extended 
Implied 
tmmed 
immed 
Direct 
Direct 
Indexed 
Indexed 
Extended 
Extended 


AAAD 





WWW W + 


WWWWEPRPANH HAHAHA AHAAAAAAA 


+ + 


+ 


BB DOO ORE NR BO) OS Rick 


™ NOTE FOR USE 
Execution Sequence of CLR Instruction 

Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing “00” into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 


address between read and write) of peripheral devices. 


Example: CLR (Extended) 


$8000 CLR 

$A000 FCB 

Cycle # Address 
1 8000 
2 8001 
3 8002 
4 FFFF 
5 A000 
6 FFFF 
7 A000 


$A000 


$80 


Data 
TF 
AO 


00 


* 


80 


* 


00 


R/W 


— 


Ore = 


Description 
Opcode Fetch 
Operand Address, 
High Byte 
Operand Address, 
Low Byte 
VMA Cycle 
Read the Data 
VMA Cycle 
Store Fixed ‘‘00” 
into Specified 
Location 





* The data bus has the data at that particular address. 
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PIA (Peripheral Interface 


The HD6821 Peripheral Interface Adapter provides the 
universal means of interfacing peripheral equipment to the 
HD6800 Microprocessing Unit (MPU). This device is capable 
of interfacing the MPU to peripherals through two 8-bit 
bi-directional peripheral data buses and four control lines. No 
external logic is required for interfacing to most peripherai 
devices. 

The functional configuration of the PIA is programmed by 
the MPU during system initialization. Each of the peripheral 
data lines can be programmed to act as an input or output, and 
each of the four control/interrupt lines may be programmed for 
one of several control modes. This allows a high degree of 
flexibility in the over-all operation of the interface. 


@ FEATURES 

@ Two Bi-directional 8-Bit Peripheral Data Bus for interface to 
Peripheral devices 

@ Two Programmable Control Registers 

Two Programmable Data Direction Registers 

® Four Individually-Controlied Interrupt Input Lines: Two 
Usable as Peripheral Control Outputs 

@ Handshake Control Logic for Input and Output Peri- 
pheral Operation 

@ High-Impedance 3-State and Direct Transistor Drive 

Peripheral Lines 

Program Controlled Interrupt and Interrupt Disable 

Capability 

CMOS Drive Capability on Side A Peripheral Lines 

Two TTL Drive Capability on All A and B Side Buffers 

N Channel Silicon Gate MOS 

Compatible with MC6821, MC68A21 and MC68B21 


# BLOCK DIAGRAM 


IRQA 38 nen ores ae Status 40 CA, 
Controt A 
Control SBA, 


mec = be 









Data Direction 
Register A 
{DORA} 


Peripherat 
Interface 
A 


ODN On Bown 
v 
> 


Vec*Pin 20 
Vgg2Pin 1 i 
8, 
cS, 22 Peripheral nar 8, 
‘0 Interface 13 PB, 
cs, 24 8 14 PB, 
CS, 23 1S PB, 
RS, 36 16 PB, 
RS, 36 17 PB 

RW 21 

E 25 








Data Direction 
Register B 
{DDRB} 


tnterrupt Status 18 CB, 
Contro! B 19 CB, 


K Controt 


Register B 
(CRB) 





Adapter) 


HD6821, HD68A21, HD68B21 












(DC-40) 





HD6821P, HD68A21P, HD68B21P 


(DP-40) 


e PIN ARRANGEMENT 





(Top View) 
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@ ABSOLUTE MAXIMUM RATINGS 






Supply Voltage 




























Input Voltage Vv 
Operating Temperature °c 
Storage Temperature ~55 ~ +150 Cc 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under re- 
commended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 








Supply Voltage 





Input Voltage 








Operating Temperature 





* With respect to Vgg (SYSTEM GND) 


® ELECTRICAL CHARACTERISTICS 
© DC CHARACTERISTICS (Vcc =5.0V15%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


in | Symbol | Test Condition | min _|tvp*| max | 
input “High” Vata ee 
input “Low” Voltage alinpus | vn | -+(| -03 |= | 08 | 







R/W, RES, RSo, RS, 
CSo, oC CS,, CA;, 
CB,,E 


Three-State (Off State) Input Current 
Input “High” Current PAy~PA,, CA, 
Input “Low” Current PAy~PA,, CA, We 

Dox 
Output ‘‘High” Voltage PAg~PA,, CA, z oa 


ey 
=o 
Do~D-, IRO. === io. = 1.6mA 


Input Leakage Current 








Output ‘‘Low” Voltage 


Output “High” Current jallahienl, CA, 


Output Leakage Current (Off State) IROA, [ROB me =2.4V 


PAy~PA,, PBy~PBz, 
CA2, CB,, Do~D7 
Input Capacitance R/W, RES, /RSo, RSi, 
CS, CS,, CS;, CA;, 
CB,,E 
Output Capacitance IROA, TRGB 


* Ta = 25°C, Vcc = 5.0V ** HD68B21; Vou = 2.2V min (PA, ~PA,, CA,) 


Other Outputs 


Do~D, 


N 
cop) 
a eae o 
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1 
N 
ms 


Unit 


BA 


uA 
UA 
mA 


vA 
UA 
mA 
vA 
mW 


pF 


pF 
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@ AC CHARACTERISTICS (Vec=5.0V15%, Vsg=0, Ta=-20~+75 °C, unless otherwise noted.) 


ae se ae ees Polar 


1. PERIPHERAL TIMING 


Item 


Peripheral Data Setup Time 
Peripheral Data Hold Time 


Delay Time, Enable negative 
transition to CA, negative 
transition 


Delay Time, Enable negative 
transition to CA, positive 
transition 


Rise and Falt Times for CA, 
and CA, input signals 
Delay Time from CA, active 


transition to CA, positive 
transition 


Delay Time, Enabie negative 
transition to Peripheral Data 
Valid 


Delay Time, Enable negative 
transition to Peripheral CMOS 
Data Valid 


Delay Time, Enable positive 
transition to CB, negative 
position 


Delay Time, Peripheral Data 
Vatid to CB, negative 
transition 


Delay Time, Enable positive 
transition to CB, positive 
transition 


Peripheral Controi Output 
Pulse Width, CA, /CB, 


Rise and Fal! Time for CB, 
and CB, input signals 


Delay Time, CB, active transi- 
tion to CB, positive transition 


Int cue t Ficleae Time, 


en Response Time 
interrupt Input Pulse Width 
Reset “Low” Time 


pense | __Fa __t a 


sal ae eee fe [ee re - i ; BOSOeC 


Enable—Peripheral Data | ow | Fig. 4, Fig. 5 = 


Enable — Peripheral Vv 30 
Data — Nee 
PA, ~PA,, CA, 





Fig. 4 


Enable > CB, Fig. 6, Fig. 7 


tcB2 


iaicaet aaa me fe | res | | 





cB, + CB, | trs2 | Fig. 7 


Ricca Le eS ae es ae 
cae EF 


VIROR THOS mass | wT 
ca, CA,,C8, C8, | pwi | Fi.8 | 00%" 


tRL 


* The Reset line must be “High” a minimum of 1.Qus before addressing the PIA. 
** At least one Enable “High” pulse should be included in this period. 


2. BUS TIMING 
1) READ 


Item 


Enable Cycle Time 
Enable Pulse Width, “High” 
Enable Pulse Width, ‘’low” 


Enable Pulse Rise and Fail Times 


Setup Time 
Address Hold Time 
Data Delay Time 
Data Hold Time 


570 


os 
| min | max | min | max | min | max _| 


teycE 
PWEH 


Address, R/W—Enable 
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Unit 


ns 
ns 


us 


ns 


ns 


bs 


us 
ns 


us 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 





2) WRITE 





Enable Cycle Time 


HD6821,HD68A21,HD68B21 





HD68A21 
min ] max 





HD68B21 











Enable Pulse Width, ‘’High” 





80 | 220 | — ns 





Enable Pulse Width, “Low” 





280 | — 210 | = ns 





Enable Pulse Rise and Fall Times 





25 ns 





Setup Time 





= ns 





Address Hold Time Address, R/‘W—Enable 
Data Setup Time 


Data Hold Time 









PA,~PA, 
PB, ~PB, 


Enable 





Figure 1 Peripheral Data Setup and Hold Times (Read Mode) 


Enable 0.8V 





Figure 3 CA, Delay Time 
(Read Mode; CRA5=1, CRA3=CRA4=0) 


Enable 


PB, ~PB, 





cB, 


(Note) CB, goes “Low” asa result of the 
positive transition of Enable. 


Figure 5 Peripheral Data and CB, Delay Times 
(Write Mode; CRB5=CRB3=1, CRB4=0) 




























Enable 


CA, 





* Assumes part was deselected during 
the previous E pulse. 


Figure 2 CA, Delay Time 
(Read Mode; CRA5=CRA3=1, CRA4=0) 


Enable 


Vec—30% Veg 
PA,~PA, 
CA, 





Figure 4 Peripheral CMOS Data Delay Times 
(Write Mode; CRA5=CRA3=1, CRA4=0) 


Enable 


cB, 





* Assumes part was deselected during the 
previous E pulse. 


Figure 6 CB, Delay Time 
(Write Mode; CRB5=CRB3=1, CRB4=0) 
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Enable 2.0V 
cB, 
tcs2 
= 0.4V, 
* Assumes part was deselected during * Assumes Interrupt Enable Bits are set. 


any previous E pulse. 


Figure 7 CB. Delay Time Figure 8 Interrupt Pulse Width and TRO Response 
(Write Mode; CRB5=1, CRB3=CRB4=0) 








2,0V 
tRL 
Enable 
RES 
0.8V 
tia — 
_ 2.4V 
‘RO * The RES line must be a Vj, for a minimum of 
1.0 us before addressing the PIA. 
Figure 9 IRQ Release Time Figure 10 RES Low Time 







Enable Enable 





RS, 2.0V RS, 2.0V 
cs, A CS, \ 
RW 0.8V RW 0.8V 
toHR toHw 
Data Bus Data Bus 
Figure 12 Bus Read Timing Characteristics Figure 13 Bus Write Timing Characteristics 
(Read Information from PIA) (Write Information into PIA) 
LOAD A LOAD B LOAD C LOAD D 
(PA, ~PA,, PB, ~PB,, CA,, CB) (D,~0,) (TR@ Only) 
5.0V 5.0V (Voc) 5.0V 
R, Ry = 2.4k2 kn 
Test Point ¢_ (OL (CMOS Load) Test Point 
Test Point Test Point 
(PA, ~PA,, CA, ) 
5 c R 100pF 1 30pF 
C=40pF 
R#=12k2 C=130pF 


R=11k2 
All diodes are1$2074€f or equivalent. 


Adjust Ri, 80 that Io. = 1.6mA, then test Vo, All diodes are 182074 @ or equivalent. 
Adjust Ry, so that Io, = 3.2mA, then test Vo, 
Figure 14 Bus Timing Test Loads 
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= PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the HD6800 MPU with an eight-bit 
bi-directional data bus, three chip select lines, two register select 
lines, two interrupt request lines, read/write line, enable line and 
reset line. These signals, in conjunction with the HD6800 
VMA output, permit the MPU to have complete control over 
the PIA. VMA should be utilized in conjunction with an MPU 
address line into a chip select of the PIA. 

e PIA Bi-Directional Data (Dp ~D- ) 

The bi-directional data lines (Do ~ D7) allow the transfer of 
data between the MPU and the PIA. The data bus output drivers 
are three-state devices that remain in the high-impedance (off) 
state except when the MPU performs a PIA. read operation. The 
R/W line is in the Read (“High”) state when the PIA is selected 
for a Read operation. 

e PIA Enable (E) 

The enable pulse, E, is the only timing signal that is supplied 
to the PIA. Timing of all other signals is referenced to the 
leading and trailing edges of the E pulse. This signal will 
normally be a derivative of the HMCS6800 System ¢, Clock. 
This signal must be continuous clock pulse. 

e PIA Read/Write (R/W) 

This signal is generated by the MPU to control the direction 
of data transfers on the Data Bus. A “Low” state on the PIA 
line enables the input buffers and data is transferred from the 
MPU to the PIA on the E signal if the device has been selected. 
A “High” on the R/W line sets up the PIA for a transfer of data 
to the bus. The PIA output buffers are enabled when the proper 
address and the enable pulse E are present. 

e Reset (RES) 

The active “Low” RES line is used to reset all register bits in 
the PIA to a logical zero “Low”. This line can be used as a 
power-on reset and as a master reset during system operation. 


e PIA Chip Select (CS), CS; and CS,) 

These three input signals are used to select the PIA. CSp and 
CS, must be “High” and CS, must be “Low” for selection of 
the device. Data transfers are then performed under the control 
of the E and R/W signals. The chip select lines must be stable 
for the duration of the E pulse. The device is deselected when 
any of the chip selects are in the inactive state. 

e PIA Register Select (RS, and RS, ) 

The two register select lines are used to select the various 
registers inside the PIA. These two lines are used in conjunction 
with internal Control Registers to select a particular register that 
is to be written or read, 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 

e Interrupt Request (IROA and IRQB) ae) moss 

The active “Low” Interrupt Request lines (RQA and IRQB) 
act to interrupt the MPU either directly or through interrupt 
priority circuitry. These lines are “open drain” (no load device 
on the chip). This permits all interrupt request lines to be tied 
together in a wire-OR configuration. 

Each IRQ line has two internal interrupt flag bits that can 
cause the IRQ line to go “Low ’’. Each flag bit is associated with 
a particular peripheral interrupt line. Also four interrupt enable 
bits are provided in the PIA which may be used to inhibit a 
particular interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accomplished by a 
software routine that, on a prioritized basis, sequentially reads 
and tests the two control registers in each PIA for interrupt flag 
bits that are set. 
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The interrupt flags are cleared (zeroed) as a result of an MPU 
Read Peripheral Data Operation of the corresponding data 
register. After being cleared, the interrupt flag bit cannot be 
enabled to be set until the PIA is deselected during an E pulse. 
The E pulse is used to condition the interrupt control lines 
(CA,, CA2, CB,;, CB, ). When these lines are used as interrupt 
inputs at least one E pulse must occur from the inactive edge to 
the active edge of the interrupt input signal to condition the 
edge sense network. If the interrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, the 
interrupt flag will be set on the next active transition of the 
interrupt input pin. 


= PIA PERIPHERAL INTERFACE LINES 


The PIA provides two 8-bit bi-directional data buses and four 
interrupt/control lines for interfacing to peripheral devices. 
e Section A Peripheral Data (PAy~PA;,) 

Each of the peripheral data lines can be programmed to act 
as an input or output. This is accomplished by setting a “‘1”’ in 
the corresponding Data Direction Register bit for those lines 
which are to be outputs. A “0” in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act as 
an input. During an MPU Read Peripheral Data Operation, the 
data on peripheral lines programmed to act as inputs appears 
directly on the corresponding MPU Data Bus lines. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical “1” written into 
the register will cause a “High” on the corresponding data line 
while a “O” results in a ““Low’’. Data in Output Register A may 
be read by an MPU “Read Peripheral Data A” operation when 
the corresponding lines are programmed as outputs. This data 
will be read properly if the voltage on the peripheral data lines is 
greater than 2.0 volts for a logic “1” output and less than 0.8 
volt for a logic “O” output. Loading the output lines such that 
the voltage on these lines does not reach full voltage causes the 
data transferred into the MPU on a Read operation to differ 
from that contained in the respective bit of Output Register A. 
e Section B Peripheral Data (PBy~PB, ) 

The peripheral data lines in the B Section of the PIA can be 
programmed to act as either inputs or outputs in a similar 
manner to PAg~PA,. However, the output buffers driving 
these lines differ from those driving lines PAg~PA, . They have 
three-state capability, allowing them to enter a high impedance 
state when the peripheral data line is used as a input. In 
addition, data on the peripheral data lines PBp>~ PB, will be 
read properly from those lines programmed as outputs even if 
the voltages are below 2.0 volts for a “High”. As outputs, these 
lines are compatible with standard TTL and may also be used as 
a source of up to 2.5 milliampere (typ.) at 1.5 volts to directly 
drive the base of a transistor switch. 

e Interrupt Input (CA, and CB, } 

Peripheral Input lines CA; and CB, are input only lines that 
set the interrupt flags of the control registers. The active 
transition for these signals is also programmed by the two 
control registers. 

e Peripheral Control (CA, ) 

The peripheral control line CA, can be programmed to act as 
an interrupt input or as a peripheral control output. As an 
output, this line is compatible with standard TTL. The function 
of this signal line is programmed with Control Register A. 

e Peripheral Control (CB, ) 

Peripheral Control line CB, may also be programmed to act 

as an interrupt input or peripheral control output. As an input, 
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this line has “High” input impedance and is compatible with 

standard TTL. As an output it is compatible with standard TTL 

and may also be used as a source of up to 2.5 milliampere (typ) 
at 1.5 volts to directly drive the base of a transistor switch. This 

line is programmed by Control Register B. 

(NOTE) |. Interrupt inputs CA,;, CA,, CB, and CB, shall be 
used at normal “High” level. When interrupt inputs 
are “Low” at reset (RES = “‘Low”), interrupt flags 
CRA6, CRA7, CRB6 and CRB7 may be set. 

2. Pulse width of interrupt inputs CA, ,CA,,CB, and 
CB, shall be greater than a E cycle time. In the case 
that “High” time of E signal is not contained in 
Interrupt pulse, an interrupt flag may not be set. 


E 


“High’’ (Normally) 


interrupt 
input 


More than e Cycle Time 


e The equivalent Circuit of the Lines on Peripheral side 

The equivalent circuit of the lines on Peripheral side is shown 
in Fig. 15. The output circuits of A port is different from 
that of B port. When the port is used as input, the input is 
pullup to Vcc side through load MOS in A port and B port 
becomes “Off” (high impedance). 


+5V 
Db MOS 
To Data 
Bus PAx 
From ORA 
(a) Section A 
From DOR 8 
+5V 
To Data Bus 
PBx 

From ORB 


(b) Section B 
Figure 15 Peripheral Data Bus 


® INTERNAL CONTROLS 

There are six locations within the PIA accessible to the MPU 
data bus: two Peripheral Registers, two Data Direction Re- 
gisters, and two Control Registers. Selection of these locations is 
controlled by the RSo and RS, inputs together with bit 2 in the 
Control Register, as shown in Table 1. 


Table 1 Internal Addressing 











Location Selected 
Peripheral Register A* 
Data Direction Register A 
Control Register A 
Peripheral Register B* 
Data Direction Register B 
Control Register B 















x = Don’t Care ; 
* Peripheral interface register is a generic term containing peripheral 
data bus and output register. 


@ Initialization 

A “Low” reset line has the effect of zeroing all PIA registers. 
This will set PAg~PA,, PBy~PB,, CA, and CB, as inputs, and 
all interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

Details of possible configurations of the Data Direction and 
Control Register are as follows. 


@ Data Direction Registers (DDRA and DDRB) 

The two Data Direction Registers allow the MPU to control 
the direction of data through each corresponding peripheral 
data line. A Data Direction Register bit set at “O” configures the 
corresponding peripheral data line as an input; a “1” results in 
an output. 


@ Control Registers (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU to 
control the operation of the four peripheral control lines CA,, 
CA,, CB; and CB,. In addition they allow the MPU to enable 
the interrupt lines and monitor the status of the interrupt flags. 
Bits 0 through 5 of the two registers may be written or read by 
the MPU when the proper chip select and register select signals 
are applied. Bits 6 and 7 of the two registers are read only and 
are modified by external interrupts occurring on control lines 
CA,, CA,, CB, or CB,. The format of the control words is 
shown in Table 2. 


Table 2 Contro! Word Format 


=e Seva ae eee 

sc aca cae Foal 
Access 

PR =e 
ccess 
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Data Direction Access Control Bit (CRA2 and CRB2) 

Bit 2 in each Control register (CRA and CRB) allows 
selection of either a Peripheral Interface Register or the Data 
_ Direction Register when the proper register select signals are 
applied to RSp and RS;. 

Interrupt Flags (CRAG, CRA7, CRB6, and CRB7) 

The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines when 
those lines are programmed to be inputs. These bits cannot be 
set directly from the MPU Data Bus and are reset indirectly by a 
Read Peripheral Data Operation on the appropriate section. 
Control of CA; and CB, Interrupt Lines (CRAO, CRBO, CRA1, 
and CRB1) 

The two lowest order bits of the control registers are used to 
control the interrupt input lines CA, and CB, . Bits CRAO and 
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CRBO are used to enable the MPU interrupt signals IROA and 
TROB, respectively. Bits CRA1 and CRB1 determine the active 
transition of the interrupt input signals CA, and CB, (Table 3) 
Control of CA, and CB, Peripheral Control Lines (CRA3, 
CRA4, CRAS, CRB3, CRB4, and CRBS) 

Bits 3, 4 and 5 of the two control registers are used to 
control the CA, and CB, Peripheral Control lines. These bits 
determine if the control lines will be an interrupt input or an 
output control signal. If bit CRAS (CRBS) is “0” CA, (CB) 
is an interrupt input line similar to CA1 (CB1) (Table 4). When 
CRAS (CRBS) is “1”, CA, (CB2) becomes an output signal 
that may be used to control peripheral data transfers. When in 
the output mode, CA, and CB, have slightly different 
characteristics (Table 5 and 6). 


Table 3 Control of Interrupt Inputs CA; and CB, 


CRAO 
(CRBO) 


Interrupt Input 
CA, (CB;) 


CRA! 
(CRB1) 


0 + Active Set 1"" on) of CA; 
(CB; ) 


0 + Active 


1 t Active 


| a 





MPU Interrupt 
__Request 


TROA (TROB) 


Disabled — 1RO remains 
“High’’ 


Goes ‘‘Low” when the inter- 
rupt flag bit CRA7 (CRB7) 


Interrupt Flag 
CRA7 (CRB7) 


Set 1" on t of CA, 
(CB;) 


goes aeqee 
Set 1" on t of CA, Disabled — |RO remains 
(CB; ) “High” 
Set “1'’ on t of CA; Goes “‘Low” when the inter- 
(CB,) rupt flag bit CRA7 (CRB7) 


goes "4" 


(Notes) 1. t indicates positive transition (“‘Low” to ‘‘High’’) 
2. 4 indicates negative transition (“High to “Low’’) 
3. The Interrupt flag bit CRA7 is cleared by an MPU Read of the A Peripheral Register 
and CRB7 is cleared by an MPU Read of the B Peripheral Register. 
4. If CRA BO) is ‘0’ when an interrupt occurs (Interrupt isabien) and is later brought ‘‘1’’, 
TROA occurs after CRAO (CRBO) is written to a 1" 
Table 4 Control of CA2 and CB, as Interrupt Inputs — CRAS (CRBS) is “0” 
CRAS CRA4 CRA3 Interrupt Input Interrupt Flag Riga 
(CRBS) a <i CA2 (CB2) CRAG (CRB6) TROA (RGB) 
0 ea Active Set “1” on J of [see ee Disabled — TRO remains 
[see ee ) “High” 
0 ee! Active Set “1” on J of CA, Goes “’Low’’ when the inter- 
(CB2) rupt flag bit CRAG (CRB6) 
goes “4” 
0 ae | Active Set “1” on t of CA, Disabled — RO remains 
(CB) “High” 
0 ae aa Active Set ‘1’ on t of CA; Goes “‘Low’’ when the inter- 
(CB) rupt flag bit CRA6 (CRB6) 
goes aw 
(Notes) 1. ¢ indicates positive transition (“‘Low” to “High’’) 


2. 4 indicates negative transition (‘‘High” to ‘‘Low’’) 


The interrupt flag bit CRAG is cleared by an MPU Read of the A Peripheral Register and CRB6 is 


cleared by an MPU Read of the B Peripheral Register. 


3. 
4. If CRA3 (CRB3) is 0’ when an interrupt occurs (Interrupt disabled) and is later brought 
“4"", IRQA (IRQB) occurs after CRA3 (CRB3) is written toa “1” 
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Table 5 Control of CB; as an Output — CRBS is “1” 


CB, 
CRBE CRB4 Set 
1 “Low” on the positive transition of “High” when the interrupt flag bit 


the first E pulse after MPU CRB7 is set by an active transition 
Write “B’’ Data Register operation. of the CB, signal. (See Figure 16) 


“Low” on the positive transition of “High” on the positive edge of the 
the first E pulse after an MPU Write first “E” pulse following an “E” 
“B” Data Register operation. pulse which occurred while the 

part was deselected. (See Figure 16) 








“tow” 
(The content of CRBS is output on CB,} 


1 “High” 
(The content of CRB3 is output on CB, ) 


ae 6 Control of CA, as an Output — CRAS is “1” 


CA, 
CRAS Cleared Set 

1 “Low’’ on negative transition of E “High’’ when the interrupt flag bit 
after an MPU Read A” Data Opera- CRA7 is set by an active transition 
tion. of the CA; signal. (See Figure 16) 
“Low” on ee transition of E “High” on the negative edge of the 
after an MPU Read “A” Data ee first “E’’ pulse which occurs during 
tion. a deselect. (See Figure 16) 

“Low” 


(The content of CRAG is output on CA;) 


1 “Hig h”’ 
ee (The content of CRA3 is output on CA,) 
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™ PIA OPERATION 


@ Initialization = 

When the external reset input RES goes “Low”, all internal 
registers are cleared to “0”. Periperal data port (PAg~PA7, 
PBo~PB-) is defined to be input and control lines (CA, ,CA;, 
CB, and CB,) are defined to be the interrupt input lines. PIA is 
also initialized by software sequence as follows. 


Clear the control register 
Load input/output direction data into ACC 


Store the contents of ACC into the 
, data direction register 


Load the contro! data to be written into ACC 


Store the contents of ACC into the control register 


Input/output processing 
















@ Read/Write Operation Not Using Control Lines 
<Read Operation> 


Set the data direction register to “00” CLR CRA 
DORA e 


CLR 


wore em 





<Write Operation> 
CLR °' CRA 
Set the data direction register to “FF” LDAA #$FF 











Initialize the control register 


Store the data in the accumulator into 
output register 


STAA | CRB 





LDAA #$04 


Initialize the control register STAA CRA 


Load the contents of the peripheral 
interface register into the accumulator LDAA PIRA 


STAA ODRB 


LDAA #$04 


LDAA DATA 
STAA PIRB 


HD6821,HD68A21,HD68B21 


Program the data direction register access bit of the control 
register to “0” to allow to access the dada direction register. 


The data of the control line function is set into the accumu- 
lator, of which Data Direction Register Access Bit shall be 
programmed to “1”, 

Transfer the control data from the accumulator into the 
control register. 


Clear the DDRA access bit of the control register to “O”. 
Clear all bits of the dada direction register. 


Set DDRA access bit of the control register to “1” to allow 
to access the peripheral interface register. 


Set DDRB access bit of the control register to “0”. 


© Set all bits of the data direction register to “FF”, 


e Set DDRB access bit of the control register to “1” to allow to 


access the peripheral interface register. 


} e Write the data into the peripheral interface register. 
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e Read/Write Operating Using Control Lines 

Read/write request from peripherals shall be put into the 
control lines as an interrupt signal, and then MPU reads or 
writes after detecting interrupt request. 


< Read > 


The following case is that Port A is used and that the rising 
edge of CA, indicates the request for read from peripherals. 


Set the data direction register to “‘00"’ 


Initlalize the control register 









Load the contents of the peripheral 
Interface register into the accumulator 


To read the peripheral data, the data is directly transfered to 
the data buses Do~D> through PAy~PA, or PBy~PB, and 
they are not latched in the PIA. If necessary, the data should be 
held in the external latch until MPU completes reading it. 

When initializing the control register, interrupt flag bit 
(CRA7, CRA6, CRB7, CRB6) cannot be written from MPU. If 
necessary the interrupt flag must be reset by dummy read of 
Peripheral Register A and B. 





<Write> 

Write operation using the interrupt signal is as follows. In 
this case, B port is used and interrupt request is input to CB,. 
And the IRQ flag is set at the rising edge of CB,. 
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CLR CRA 
CLR ODRA e Set all bits of the data direction register to “0”. 





e Set the DDRA access bit to “0”. 


LDAA #906 e Program the rising edge of CA, to be active, IROA is masked 
STAA CRA 


and DDRA access bit is set to 1. 


“| LOOP LDAA CRA 
Load the contents of the control register © Check whether the read request comes from peripherals 
or not. 
LOAA PIRA ~—e_ Load the data from the peripheral interface register into the 


accumulator. CRA flag is reset after this read operation. 
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Load the contents of the control 
register into the accumulator 


Load the contents of the output 


. . LDAA 
register in the accumulator 
Store the contents of the accumulator 
into the output register STAB 


Interrupt request flag bits (CRA7, CRA6, CRB7 and CRB6) 
cannot be written and they cannot be also reset by write 
operation to the peripheral interface register. So dummy read of 
peripheral interface register is needed to reset the flags. 

To accept the next interrupt, it is essential to reset indirectly 
the interrupt flag by dummy read of peripheral interface 
register. 

Software poling method mentioned above requires MPU to: 
continuously monitor the control register to detect the read/ 
write request from peripherals. So other programs cannot run at 
the same time. To avoid this problem, hardware interrupt may 
be used. The MPU is interrupted by IROA or TROB when the 
read/write request is occurred from peripherals and then MPU 
analyzes cause of the interrupt request during interrupt pro- 
cessing. 

e Handshake Mode 

The functions of CRA and CRB are similar but not identical 
in the hand-shake modes. Port A is used for read hand-shake 
operation and Port B is used for write hand-shake mode. 

CA, and CB, are used for interrupt input requests and CA, 
and CB, are control outputs (answer) in hand-shake mode. 

Fig. 16, Fig. 17 and Fig. 18 show the timing of hand-shake 
mode. 


< Read Hand-shake Mode> 
CRAS=“1”, CRA4=“0” and CRA3=“0” 


4) A peripheral device puts the 8-bit data on the peripheral 
data lines after the control output CA, goes “Low”. 


‘2 The peripheral requests MPU to read the data by using CA, 
input. 


LOOP LDAA CRB 
: BPL LOOP 


PIRB 


PIRB 
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CLR CRB e Set DDRB access bit to “0” 
Set the data direction register to “FF” LDAA #8FF ; “4 
STAA DDRB e Set all bits of DDRB to output “1”. 
LDAA #$06 e Program the rising edge of CB, to be active. IROB is masked 
STAA CRB and DDRB access bit is set to “1”... 


} © Check whether the write request comes from peripherals 
or not. 


e Reset the CRB7 flag by the dummy read of the 
peripheral interface register. 


e Store the data of the accumulator B to the peripheral 
interface register. 


@ CRA7 flag is set and CA, becomes “High” (CA; auto- 
matically becomes “High” by the interrupt CA,). This 
indicates the peripheral to maintain the current data and 
not to transfer the next data. 

@ MPU accepts the read request by ROA hardware interrupt 
or CRA read. Then MPU reads the peripheral register A. 


© CA, goes “Low” on the following edge of read Enable 
pulse. This informs that the peripheral can set the next data 
to port A. 


<Write Hand-shake> 

CRBS = “1”, CRB4 = “0” and CRB3 = “0” 

A peripheral device requests MPU to write the data by using 
CB, input. CB, output remains “High” until] MPU write 
data to the peripheral interface register. 

CRB7 flag is set and MPU accepts the write request. 

MPU reads the peripheral interface register to reset CRB7 
(dummy read). 

Then MPU write data to the peripheral interface register. 
The data is output to port B through the output register. 
CB, automatically becomes “Low” to tell the peripheral 
that new data is on port B. 

The peripheral read the data on Port B peripheral data lines 
and set CB, to “Low” to tell MPU that the data on the 
peripheral data lines has been taken and that next data can 
be written to the peripheral interface register. 


® ® ® 8 


<Pulse mode> 
CRAS = “1”, CRA4 = “0” and CRA3 = “1” 
CRBS = “1”, CRB4 = “0” and CRB3 = “1” 
This mode is shown in Figure 16, Figure 19 and Figure 20. 
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| 
MPU Read || | 
CS-RS, -RS, | | | 
| 
| 
A) | 
\\ | 
1 The change of PA, ~PA, 
is not allowed. | 
PA, ~PA,\are 
allowed to be set. 
1 CA, Reddy ! 


Port A (Read) 


CS-RS, -RS, 


D.~D, 


Port B (Write) 


L4te DML 


XxX WRITE Request i WRITE Request 


4 
@ ,\ dummy Read 
Reset 

CRB7 ® 


cB, 


PB, ~PB, data is old, 
PB, ~PB, data is new. 
Ready 





1 
1 


Figure 16 Timing of Hand-shake Mode and Pulse Mode 
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Goes “High” on Goes “Low” when data on 
transition of CA, “A" side has been read by 
{(IRQA1 Fiag bit set) MPU after falling edge 


of enabie signal 
| - (LDA A PIRA) 
CA, 


Enable signal (E) 
Handshaking with peripheral on ‘A’ side 


PIRA 


PIA Peripheral 


CA, 
7 CRA 1) 





: Peripheral Says: 
{tba ry PIRAT Here's new data 
(Sets CRA7) 


Figure 17 Bits 5, 4, 3 of CRA = 100 (Hand-shake Mode) 


Goes “Low” on first 
Goes “High or transition Positive edge of enable 


, signal after the MPU 
of CB, (IRQB1 flag bit set) stores data to the “B”’ 


side. (STA A PIRB) 


CB, 


Enable 
signal | | | | | | | 
(E) 


Handshaking with peripheral on ’B’ side 







Peripheral 











cB, 
? CRB. 0 


Says: Here’s new data ea Peripheral 


(STA A PIRB) Request for data 


Figure 18 Bits 5, 4, 3 of CRB = 100 (Hand-shake Mode) 
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Goes “High’’ on 
CA, Normally Goes “Low” after a “Read a side the negative 
“High” data’’ Instruction (LDA) edge of the 


(Negative transition of E) next E pulse 
after a 


“Read a 
side data” 
Instruction 
(LDA) 





















Enable 
signal (E) | | | 
Pulse mode 
Pulse output on ‘A’ side 
‘PIRA 
PIA Peripheral 
CA, 
7 CRA 0 
Pulse initiated as a result we ; ” ” 
of reading “A‘ side Data “Read by MPU 
(LDA A PIRA) 
Figure 19 Bits 5, 4, 3 of CRA = 101 (Pulse Mode) 
Goes ‘‘High”’ on the 
cB, Normally next positive E 
“High” Goes “Low” on the positive pulse after A 

transition of the first ithe 6 ” 
E pulse after a “write B a anne 
es Pre instruction (STA) 

Enable 

signal 

cae eel acmiaaas ae, Tes 


Pulse mode 
Pulse output on ‘B’ side 


PIRB 


PIA Peripheral 


cB, 
7 CRB fe) 


Pulse initiated as 2 resut New cate pease 
of writing into ‘B’ side ) 
(STA A PIRB) for peripheral 





Figure 20 Bits 5, 4, 3 of CRB=101 (Pulse Mode) 
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= SUMMARY OF CONTROL REGISTERS CRA AND CRB 

Control registers CRA and CRB have total control of CA;, 
CA,, CB,, and CB, lines. The status of eight bits of the control 
registers may be read into the MPU. However, the MPU can only 
write into Bit 0 through Bit 5 (6 bits), since Bit 6 and Bit 7 are 
set only by CA,, CA,, CB,, or CB. 


@ Addressing PlAs 

Before addressing PIAs, the data direction (DDR) must first 
be loaded with the bit pattern that defines how each line is to 
function, i.e., as an input or an output. A logic “i” in the data 
direction register defines the corresponding line as an output 
while a logic “0” defines the corresponding line as an input. 
Since the DDR and the peripheral interface resister have the same 
address, the control register bit 2 determines which register is 
being addressed. If Bit 2 in the control register is a logic “0”, 
then the DDR is addressed. If Bit 2 in the control register is a 
logic “1”, the peripheral interface register is addressed. There- 
fore, it is essential that the DDR be loaded first before setting 
Bit 2 of the control register. 


<Example> 

Given a PIA with an address of 4004, 4005, 4006, and 4007. 
4004 is the address of the A side peripheral interface register. 
4005 is the address of the A side control register. 4006 is the 
address of the B side peripheral interface register. 4007 is the 
address of the B side control register. On the A side, Bits 0, 1, 2, 
and 3 will be defined as inputs, while Bits 4, 5, 6, and 7 will be 
used as outputs. On the B side, all lines will be used as outputs. 


PIALAD = 4004 (DDRA, PIRA) 
PIAIAC = 4005 (CRA) 
PIAIBD = 4006 (DDRB, PIRB) 
PIAIBC = 4007 (CRB) 
1. LDA A #%11110000 (4 outputs, 4 inputs) 
2. STAA PIAIAD (Loads A DDR) 
3. LDAA#%11111111 (All outputs) 
4. STAA PIAIBD (Loads B DDR) 
5. LDA A #%00000100 (Sets Bit 2) 
6. STAA PIAIAC (Bit 2 set in A control register) 
7. STAA PIAIBC (Bit 2 set in B control register) 


Statement 2 addresses the DDR, since the control register 
(Bit 2) has not been loaded. Statements 6 and 7 load the control 
registers with Bit 2 set, so addressing PIALAD or PIAIBD 
accesses the peripheral interface register. 


@ PIA Programming Via The Index Register 


The program shown in the previous section can be accom- 
plished using the Index Register. 


1 LDX #$F004 

2. STX PIAIAD $FO>PIA IAD ;504>PIAI1 AC 
3. LDX #$FF04 

4. STX PIAIBD $FF>PIA 1BD:$04-PIA 1BC 


Using the index register in this example has saved six bytes of 
program memory as compared to the program shown in the 
previous section. 
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e@ Active Low Outputs 
When all the outputs of given PIA port are to be active “Low’ 
(True & 0.4 volts), the following procedure should be used. 


a) Set Bit 2 in the control register. 

b) Store all 1s ($FF) in the peripheral interface register. 
c) Clear Bit 2 in the control register. 

ad) Store all 1s ($FF) in the data direction register. 

e) Store control word (Bit 2 = 1) in control register. 


<Example> 

The B side of PIA1 is set up to have all active low outputs. 
CB, and CB, are set up to allow interrupts in the HAND- 
SHAKE MODE and CB, will respond to positive edges 
(“Low”-to-“High” transitions). Assume reset conditions. Ad- 
dresses are set up and equated to the same labels as previous 
example. 


1. LDA A#4 

2. STA APIAIBC _ Set Bit 2 in PIAIBC (control register) 
3. LDA B#$FF 

4. STA BPIAIBD _ All lsin peripheral interface register 
5. CLR PIAIBC Clear Bit 2 

6. STA BPIAIBD All 1sin data direction register 

7. LDA A #$27 

8. STA APIAIBC  00100111>> control register 


The above procedure is required in order to avoid outputs 
going “Low”, to the active “Low” TRUE STATE, when all ls 
are stored to the data direction register as would be the case if 
the normal configuration procedure were followed. 


e Interchanging RS, And RS, 

Some system applications may require movement of 16 bits 
of data to or from the “outside world” via two PIA ports (A 
side + B side). When this is the case it is an advantage to 
interconnect RS, and RSo as follows. 


RSp to Al (Address Line A1) 
RS, to AO (Address Line AO) 


This will place the peripheral interface registers and control 
Tegisters side by side in the memory map as follows. 


Table Example Address 
PIAIAD $4004 (DDRA, PIRA) 
PIAIBD $4005 (DDRB, PIRB) 
PIAIAC $4006 (CRA) 
PIAIBC $4007 (CRB) 


The index register or stackpointer may be used to move the 
16-bit data in two 8-bit bytes with one instruction. As an 
example: 


LDX PIAIAD PIAIAD >> IXy: PIAIBD >> IX, 


@ PIA — After Reset 

When the RES (Reset Line) has been held “Low” for a 
minimum of one microsecond, all registers in the PIA will be 
cleared. 

Because of the reset conditions, the PIA has been defined as 
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follows. = SUMMARY OF CA,-CB, PROGRAMMING 
1. All 1/O lines to the “outside world” have been defined as Bits 5, 4, and 3 of the control registers are used to program 
inputs. the operation of CA, -CB,. 


2. CA,,CA,,CBi, and CB, have been defined as interrupt 
input lines that are negative edge sensitive. 

3. All the interrupts on the control lines are masked. Setting of b5 b4_»b3 
interrupt flag bits will not cause IROA or IROB to go “Low”. 





0; O(-) O (Mask) CA,—CB, Input Mode 
CA, —CB 2 2 
input >| 2 | O(-) 1 (Allow) b4 = Edge (0 = -, 1 = +) 
Mode O | 1(+) O (Mask) b3 = Mask (0 = Mask, 
= SUMMARY OF CA,-CB, PROGRAMMING OJ 1(+) 1 (Allow) 1 = Allow) 
Bits 1 and O of the respective control registers are used to 
program the interrupt input control lines CA, and CB,. CA; —CB, QO = 0 — Handshake Mode 
Output _, 0 1 — Pulse Mode 
Mode 1 4 | BS Following Mode 
b1 b0 
0 0 b1 = Edge (0 = -, 1 = +) 
0 1 bO = Mask (0 = Mask, 1 = Allow) 
1 0 
1 1 


Note that this is the same logic as Bits 4 and 3 for CA, -CB, 
when CA, -CB, are programmed as inputs. 


1/0 As Follow: 

Control Lines: 

CA, — Positive Edge, Allow Interrupt 
CA, — Pulse Mode 

CB, — Negative Edge, Mask Interrupt 
CB, — Hand Shake Mode 


Assume Reset Condition 


PIATAD 
PIA1AC 
PIA1BD 
PIAIBC 

PIA Configuration Solution 
LDA A #$BC 10111100 
STA A PIA1AD 1/0 to DDRA 
LDA A #$FF 1111 71411 
STA A PIA1BD 1/0 to DDRB 
LDA A #$2F 0010 1111 
STA A PIA1AC To “A” Control 
LDA A #$24 0010 0100 


STA A PIA1BC To “B” Control 





Figure 21 PIA Configuration Problem 
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MICROCOMPUTER SYSTEM 
HD6321, HD63A21, HD63B21 
CMOS PIA (Peripheral Interface Adapter) 


— PRELIMINARY — 


The HD6321 is a CMOS Peripheral Interface Adapter pro- 
vides the universal means of interfacing peripheral equipment 
to the HD6800 Microprocessing Unit (MPU). This device is 
capable of interfacing the MPU to peripherals through two 
8-bit bi-directional peripheral data buses and four control 
lines. No external logic is required for interfacing to most 
peripheral devices. 

The functional configuration of the PIA is programmed 
by the MPU during system initialization. Each of the peri- 
pheral data lines can be programmed to act as an input or 
output, and each of the four control/interrupt lines may be 
programmed for one of several control mode. This allows 
a high degree of flexibility in the over-all operation of the 
interface. Exceeding Low power dissipation is realized due 
to adopting CMOS process. 


HD6321P,HD63A21P,HD63B21P 


@ FEATURES 

@ Low-Power, High-Speed, High-Density CMOS 

@ Compatible with NMOS PIA (HD6821) (Refer to Electri- 
cal Specification as to Minor difference.) 

@ Two Bi-directional 8-Bit Peripheral Data Bus for interface 
to Peripheral devices 

@ High-Impedance 3-State and Direct Transistor Drive Peri- 
pheral Lines 

@ Two TTL Drive Capability on All A and B Side Buffers (FP-54) 

@ Handshake Control Logic for Input and Output Peripheral 
Operation 




























CA,,CA, ....... PortA (PAy ~ PA) 
CB,,CB, ....... Port B (PBo ~ PB.) = BLOCK DIAGRAM 
@ Two Programmable Control Registers = 
(C RA, CRB) IROA Interrupt Status CAy 
®@ Two Programmable Data Direction Registers aegater A oi 
(DDRA, DDRB) rd ee =e Data Direction 


(ODRA) 
Output Bus . 7 
Output 
Register A [~~ 
{ORA) Peripheral 
Interface 





PAo 
PAy 
PA2 
PAs 
PAs 
PAs 
PAs 
PA? 






Bus Input 
Register 
(BIR) 

























Vec PBo 
Vss Output PB. 
s Register B [—~—— > PB, 
ce ns reset = 
inter 
ed Chip PBs 
. Select PBs 
RSo d PBs 
RS) iy PB 
RAW Rw ? 
E Control 
FES Data Direction 
Recs Sie Register B 
jegister 
(ere) | (DORB) 
Interrupt Status CB, 
iROB Control B CBz 
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@ PIN ARRANGEMENT 


= ABSOLUTE MAXIMUM RATINGS 











HD6321 


ow 


— Preliminary — 


+~ Ow fs 





(Top View) 





Item Unit 
Supply Voltage Vv 
__ Input Voltage Vv 
Maximum Output Current mA 
Maximum Total Output Current |ZIol*** 100 mA 
Operating Temperature Topr -20 ~ +75 iC 
Storage Temperature jem °C 


* With respect to Vgg (SYSTEM GND) 


*% 


(PAy ~ PA;, CA2,PBy ~ PB,,CB2, Do ~ D,) 


Maximum output current is the maximum currents which can flow out from one output terminal and 1/O common terminal. 


*** Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and 
1/O common terminals. (PAs ~ PA;, CA2, PBo ~ PB;, CB, Do ~ Dz) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under re- 
commended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 
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™ RECOMMENDED OPERATING CONDITIONS 


Item 
Supply Voltage 
Input “Low” Voltage 


Do ~ D7, PAy ~ PA7, CA, CA2, 
PB, ~ PB, CB;, CB 


E, RM, CSo, CS2,CS1, RSo, 
RS,, RES 


Operating Temperature 











Input “‘High”’ 
Voltage 





* With respect to Vgg (SYSTEM GND) 
** Characteristics will be improved. 


m ELECTRICAL CHARACTERISTICS 











@ DC CHARACTERISTICS (Vcc =5.0V+10%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 
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Symbol min typ max 
Vec* 4.5 5.0 5.5 
fe ie On ny 8 
2.2 
Vin ‘. ae = Vec 
| 3.0** 
Ts -20 25 75 ee 




























Do~Dz, PAy ~PA,, 2 2 
CA,,CA;, PBy ~PB,, i 
Input “High” Voltage cB,. CB; : i — | Vee Vv 
E, ee ne tego Sea 30** 
ee ne tego RS,, RES ° 
input “Low” Voltage BEE). no “03 [= | oa] v 
RW, RES, RSo, RS;, 
Input Leakage Current CSo, CS, CS;, CA, Vin =O~ Vee 29° = 2.5 | uA 
CB,,£ 
Three-State (Off State) Input Current | Do~D7, PBy~PB,, ace Vin = 0.4~ Vee - | 10 | yA 
fom ee IEE 
(se uaa Velieae pn : loW< -10WA | Vee-0.1[- | - | y 
utpu i 
P PAo=PAy_ CA, ion= —a00ua | 41 |- | — | 
PBy~PB,, CB, lon S =10HA {[Vec-0.1][- | - | 
Do~D,, IROA, 1ROB - -— | 0.4 
Output “Low” Voltage PA,~PA7, CA; Pelle 06 V 
PBo~PB, B7, CB . 
Output Leakage Current (Off State) iRQA, 1ROB _ ae Ss 10 | WA 
CA,, CB2, Do~D> exe) 
Input Capacitance R/W, RES, /RSo, RS1, pF 
CS, CS;, CS8,, CA;, 10 
CB,,E 
a Vin Ov, 
Output Capacitance IRQA, [ROB Ta=25C, - ~ 10 pF 
= 1.0MHz r 
ePAy~PA?, CA2 and a. Es as : 
PBo~PB,, CB. are E = 1.0MHz 300 
specified as input. 
bee Fall das E = 1.5MHz ~ | -| 400] wa 
@ Input level (Except E) 
Supply Current * Vin min = Vcc-0.8V E = 2.0MHz es — | 500 
Vit max = 0.8V 
@PAy~PA,, CA and E = 1.0MHz = od 4 
PBy~PB,, CB, are 
specified as input. __ E = 1.5MHz - - 5 mA 
e Under Data Bus R/W 
operation E = 2.0MHz - - 6 














* Supply current is defined on the condition that there is no current flow from output terminals. Supply current will be increased when 
the current from output terminal exists. Also the current will be increased for charging and discharging the capacitive load. Please take 


this case into consideration in estimating system power. 
** Characteristics will be improved. 
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@ AC CHARACTERISTICS (Voc =5.0V110%,Vsg =0, Ta"-20~+75° C, unless otherwise noted.) 
1, PERIPHERAL TIMING 


HD63B21 

oe symbot | Test Condition |HDe321__| Hoesa21_ | HD63B21_| 
a Se a 
Peripheral Data Setup Time ee Ht 


Peripheral Data Hold Time 


Delay Time, Enable negative 

transition to CA, negative Enable + CA, Negative Fig. 2, Fig. 3 
transition 

Delay Time, Enable negative 

transition to CA, positive Enable ~ CA, Positive 

transition : 

Rise and Fall Times for CA, 

and CA, input signals 

Delay Time from CA, active 

transition to CA, positive CA, > CA, 

transition 

Delay Time, Enable negative 

transition to Peripheral Data Enable—Peripheral Data Fig. 4, Fig. 5 
Valid 


Delay Time, Enable positive 
transition to CB, negative Enabie ~ CB, Fig. 6, Fig. 7 
transition 


Vatid to CB, negative Peripheral Data CB, toc 

transition 

Delay Time, Enable positive 

transition to CB, positive Enable — CB, 

transition 

Peripheral Control! Output 

Rise and Fall Time for CB 

Delay Time, CB active transi- 

weeag | Tk ee eee 


Interrupt Response Time | Fig 8 | Fig 8 


Interrupt Input Pulse Width a ; CA, : a , CB, Eee 
Fert" Low Tine i 


* The Reset line must be “High” a minimum of 1.0us before addressing the PIA. 
** At least one Enable “High’’ pulse should be included in this period. 





2. BUS TIMING 
1) READ 


paik ee ee eee L_wogaat_| _wosanat | _woesn2t | ng 

Enable Cycle Time to EES SS 

Enable Pulse Width, “High” | PWen |  Fig.11 ~~ | 450} - | 280] - | 220] - | 

Enable Pulse Width, “Low” | PWer | Fig? =~ | 430] - [ 280) - | 210] - | 
T | — | 


Enable Pulse Rise and Fall Times 


Setup Time Address, R/W—Enable | tas |  Fig.12 | 
Adress Hold Time ge ea 


Data Delay Time 
Data Hold Time 


* Characteristics will be improved. 
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Unit 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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2) WRITE 
7 HD6321 HD63A21 HD63B21 
Item Symbol Test Condition - - - Unit 
min | max min | max min | max 
Enable Cycle Time Fig.11 | 1000 | - 666 - 500 - ns 
Enable Pulse Width, “High” | PWen | Fig.11 450] — 280 | — 220 | — ns 
Enable Pulse Width, ‘‘Low” PWer Fig. 11 430 - 280 - 210 - ns 
Enabie Pulse Rise and Fall Times ter, te¢ Fig. 11 - 25 = 25 - 20 ns 
++ 
Setup Time tas Fig. 13 80 - 60 - 60*| — ns 
+. ——_—_ ——+— 
Address Hold Time Address, R/W—Enable taH Fig. 13 10 - 10 - 10 - ns 
Data Setup Time tosw Fig. 13 165] — 80] — 6o | - | ns 
Data Hold Time toHw Fig. 13 10 = 10 _ 10 _ ns 


* Characteristics will be improved. 


Enable 





Figure 1 Peripheral Data Setup and Hold Times (Read Mode) 


Enable Vii max 
CA, 
tca2 
CA, 
0.6V 


Figure 3 CA, Delay Time 
(Read Mode; CRA5=1, CRA3=CRA4=0) 


Enable 


PB, ~PB, 





cB, Vec-2.0V 


(Note) CB, goes “Low” as a result of the 
positive transition of Enable. 


Figure 5 Peripheral Data and CB. Delay Times 
(Write Mode; CRB5=CRB3=1, CRB4=0) 





Enable 


CA, 





* Assumes part was deselected during 
the previous E pulse. 


Figure 2 CA, Delay Time 
(Read Mode; CRAS=CRA3=1, CRA4=0) 


Enabie 


PA,~PA, 
CA, 





Figure 4 Peripheral Data Delay Tires 
(Write Mode; CRA5=CRA3=1, CRA4=0) 


Enable 


cB, 





* Assumes part was deselected during the 
previous E pulse. 


Figure 6 CB, Delay Time 
(Write Mode; CRB5=CRB3=1, CRB4=0) 


@ HITACHI 589 


HD6321,HD63A21,HD63B21 


Enable Vin min 


( Ving min 
Vit max 





* Assumes part was deselected during * Assumes Interrupt Enable Bits are set. 
any previous E pulse. 


Figure 7 CB. Delay Time Figure 8 Interrupt Pulse Width and IRQ Response 
(Write Mode; CRB5=1, CRB3=CRB4=0) 






Enable Vin min pleGet pie teases 







RE 


n 


Vit max 
tiR— Lt. te, 





Veo -2.0V 
* The RES line must be a Vj} for a minimum of Enable 
1.0 us before addressing the PIA. 


IR 


Figure 9 IRQ Release Time Figure 10 RES Low Time Figure 11 Enable Signal Characteristics 












Enable Enable a 








RS, Vi min 
cs, 
R/W Vii max 
tDHW 
Data Bus Data Bus Ving min 
Vii max 
Figure 12 Bus Read Timing Characteristics Figure 13 Bus Write Timing Characteristics 
(Read Information from PIA) (Write Information into PIA) 
LOAD A LOAD B LOAD C 
(PA,~PA,, PB,~PB,, CA,, CB,) (D,~0,) (TRO. Only) 
5.0V 5.0V 5.0V 
Re Re =2.4k2 3ka 
: lot 
Test Point -_ 
Test Point Test Point 
Cc R ia 
C=40pF 
R=10k2 C=130pF 
R=10k2 


All diodes are1S2074@)or equivatent. 


Adjust Ry. so that loy = 1.6mA, then test VoL 
Adjust R, so that Io, = 3.2mA, then test Voi 


Figure 14 Bus Timing Test Loads 
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@ PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the HD6800 MPU with an eight-bit 
bi-directional data bus, three chip select lines, two register select 
lines, two interrupt request lines, read/write line, enable line and 
reset line. These signals, in conjunction with the HD6800 
VMA output, permit the MPU to have complete control over 
the PIA. VMA should be utilized in conjunction with an MPU 
address line into a chip select of the PIA. 

e Bi-Directional Data (D) ~D-) 

The bi-directional data lines (Dp ~ D-,) allow the transfer of 
data between the MPU and the PIA. The data bus output drivers 
are three-state devices that remain in the high-impedance (off) 
state except when the MPU performs a PIA read operation. The 
R/W line is in the Read (“High”) state when the PIA is selected 
for a Read operation. 

e Enable (E) 

The enable pulse, E, is the only timing signal that is supplied 
to the PIA. Timing of all other signals is referenced to the 
leading and trailing edges of the E pulse. This signal will 
normally be a derivative of the HMCS6800 System ¢, Clock. 
This signal must be continuous clock pulse. 
© Read/Write (R/W) 

This signal is generated by the MPU to control the direction 
of data transfers on the Data Bus. A “Low” state on the PIA 
line enables the input buffers and data is transferred from the 
MPU to the PIA on the E signal if the device has been selected. 
A “High” on the R/W line sets up the PIA for a transfer of data 
to the bus. The PIA output buffers are enabled when the proper 
address and the enable pulse E are present. 

e Reset (RES) odes 

The active “Low” RES line is used to reset all register bits in 
the PIA to a logical zero “Low”. This line can be used as a 
power-on reset and as a master reset during system operation. 


* Chip Select (CSp, CS, and CS,) 

These three input signals are used to select the PIA. CSo and 
CS, must be “High” and CS, must be “Low” for selection of 
the device. Data transfers are then performed under the control 
of the E and R/W signals. The chip select lines must be stable 
for the duration of the E pulse. The device is deselected when 
any of the chip selects are in the inactive state. 

e Register Select (RS, and RS,) 

The two register select lines are used to select the various 
registers inside the PIA. These two lines are used in conjunction 
with internal Control Registers to select a particular register that 
is to be written or read. 


internal data bus 


to 
Data Bus 


PAx 





3-State 
Buffers 





(a) Port A 


Figure 15 


Data Bus 
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The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 
e Interrupt Request (TROA and iROB) 

The active “Low” Interrupt Request lines (IRQA and IROB) 
act to interrupt the MPU either directly or through interrupt 
priority circuitry. These lines are “open drain” (no load device 
on the chip). This permits all interrupt request lines to be tied 
together in a wire-OR configuration. 

Each IRQ line has two internal interrupt flag bits that can 
cause the IRQ line to go “Low ’’. Each flag bit is associated with 
a particular peripheral interrupt line. Also four interrupt enable 
bits are provided in the PIA which may be used to inhibit a 
particular interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accomplished by a 
software routine that, on a prioritized basis, sequentially reads 
and tests the two control registers in each PIA for interrupt flag 

bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an MPU 
Read Peripheral Data Operation of the corresponding data 
register. After being cleared, the interrupt flag bit cannot be 
enabled to be set until the PIA is deselected during an E pulse. 
The E pulse is used to condition the interrupt control lines 
(CA,, CA2, CB,, CB, ). When these lines are used as interrupt 
inputs at least one E pulse must occur from the inactive edge to 
the active edge of the interrupt input signal to condition the 
edge sense network. If the interrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, the 
interrupt flag will be set on the next actjve transition of the 
interrupt input pin. 


= PIA PERIPHERAL INTERFACE LINES 


Port A and Port B provide four interrupt control lines and 
two sets of 8-bit Bi-directional peripheral data bus for inter- 
facing to input/output divices. Fig. 15 shows the block diagram 
of Port A and Port B. The output drivers of Port A and Port B 
consist of three-state drivers, allowing them to enter a High- 
impedance state when the peripheral data line is used as an 
input. Port A and Port B have the same output buffer. But the 
circuit configuration is slightly different and this makes the 
difference on data flow when MPU reads Port A and Port B 
in the case each Port is specified as output. As shown in Fig. 
15, the output of the peripheral data A is transferred to internal 
data bus when used as output. On the other hand, in the case 
of Port B the contents of output register (ORB) is directly 
transferred to internal data bus through the multiplexor. 


Internal data bus 











3-State 
Buffers 








(b) Port B 


Block Diagram of Port A and Port B 
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e Port A Peripheral Data (PA, ~PA,) 

Each of the peripheral data lines can be programmed to act 
as an input or output. This is accomplished by setting a “1” in 
the corresponding Data Direction Register bit for those lines 
which are to be outputs. A ‘0” in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act as 
an input. During an MPU Read Peripheral Data Operation, the 
data on peripheral lines programmed to act as inputs appears 
directly on the corresponding MPU Data Bus lines. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical “1” written into 
the register will cause a “High” on the corresponding data line 
while a ‘‘0” results in a “Low”. Data in Output Register A may 
be read by an MPU “‘Read Peripheral Data A” operation when 
the corresponding lines are programmed as outputs. 
© Port B Peripheral Data (PBy ~PB7) 

Each of the Port B peripheral data bus can be programmed 
to act as an input or output like PAo ~ PA7. 

PBo ~ PB? are in High-impedance condition because they 
are three-state outputs just like PAo ~ PBo when the peripheral 
buses are used as inputs, when programmed as outputs, MPU 
read of Port B make it possible to read the pourput register 
regardless of PBo ~ PB7 loads. 

e Interrupt Input (CA, and CB; ) 

Peripheral Input lines CA, and CB, are input only lines that 
set the interrupt flags of the control registers. The active 
transition for these signals is also programmed by the two 
control registers. 
®@ Peripheral Control (CA, ) 

The peripheral control line CA, can be programmed to 
act as an interrupt input or as a peripheral control output. 

The function of this signal is programmed by the Control 
Register A. When used as an input, this signal is in High-im- 
pedance state 
e Peripheral Control (CB) 

Peripheral Control line CB, may also be programmed to act 
as an interrupt input or peripheral contro] output. 

This line is programmed by Control Register B. 

When used as an input, this signal is in High-impedance. 


(NOTE) 1. Pulse width of interrupt inputs CA, ,CA,,CB, and 
CB, shall be greater than a E cycle time. In the case 
that “High” time of E signal is not contained in 
Interrupt pulse, an interrupt flag may not be set. 


Rat A Na Ne 


Interrupt 
fnput 


More than a Cycle Time 


® INTERNAL CONTROLS 

There are six locations within the PIA accessible to the MPU 
. data bus: two Peripheral Registers, two Data Direction Re- 
gisters, and two Control Registers. Selection of these locations is 
controlled by the RSy and RS, inputs together with bit 2 in the 
Control Register, as shown in Table 1. 





Table 1 Internal Addressing 


Control 
ie Bit 





Location Selected 
Peripheral Register A* 
Data Direction Register A 
Control Register A 
Peripheral Register B* 
Data Direction Register B 
Contro! Register B 


















x = Don’t Care 
* Peripheral interface register is a generic term containing peripheral 
data bus and output register. 


®@ Initialization 

A “Low” reset line has the effect of zeroing all PIA registers. 
This will set PAg~PA,, PBy~PB,,CA, and CB, as inputs, and 
all interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

Details of possible configurations of the Data Direction and 
Control Register are as follows. 


® Data Direction Registers (DDRA and DDRB) 

The two Data Direction Registers allow the MPU to control 
the direction of data through each corresponding peripheral 
data line. A Data Direction Register bit set at “0” configures the 
corresponding peripheral data line as an input; a “1” results in 
an output. 


@ Control Registers (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU to 
control the operation of the four peripheral control lines CA;, 
CA,, CB, and CB,. In addition they allow the MPU to enable 
the interrupt lines and monitor the status of the interrupt flags. 
Bits 0 through 5 of the two registers may be written or read by 
the MPU when the proper chip select and register select signals 
are applied. Bits 6 and 7 of the two registers are read only and 
are modified by external interrupts occurring on control lines 
CA,, CA,, CB, or CB,. The format of the control words is 
shown in Table 2. 


Table 2 Control Word Format 
[7 | 6 [s5{4]f3 [2 [1 fo) 


CA, Control DDRA peancenel | 
Access 


fade sl Oa ee eae es 
ccess 









CRA 
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Data Direction Access Control Bit (CRA2 and CRB2) 

Bit 2 in each Control register (CRA and CRB) allows 
selection of either a Peripheral Interface Register or the Data 
Direction Register when the proper register select signals are 
applied to RSo and RS, 
interrupt Flags (CRAG, CRA7, CRB6, and CRB7) 

The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines when 
those lines are programmed to be inputs. These bits cannot be 
set directly from the MPU Data Bus and are reset indirectly by a 
Read Peripheral Data Operation on the appropriate section. 
Control of CA, and CB, Interrupt Lines (CRAO, CRBO, CRA1, 
and CRB1) 

The two lowest order bits of the control registers are used to 
control the interrupt input lines CA, and CB,. Bits CRAO and 
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CRBO are used to enable the MPU interrupt signals IRQA and 
TROB, respectively. Bits CRA1 and CRB1 determine the active 
transition of the interrupt input signals CA, and CB, (Table 3) 
Control of CA, and CB, Peripheral Control Lines (CRA3, 
CRA4, CRAS, CRB3, CRB4, and CRBS) 

Bits 3, 4 and 5 of the two control registers are used to 
control the CA, and CB, Peripheral Control lines. These bits 
determine if the contro] lines will be an interrupt input or an 
output control signal. If bit CRAS (CRBS) is “0” CA, (CB,) 
is an interrupt input line similar to CA1 (CB1) (Table 4). When 
CRAS (CRBS) is “1”, CA, (CB,) becomes an output signal 
that may be used to control peripheral data transfers. When in 
the output mode, CA, and CB, have slightly different 
characteristics (Table 5 and 6). 


Table 3 Control of Interrupt Inputs CA; and CB, 


CRA1 CRAO Interrupt Input 
(CRB1) a CA, (CB, ) 
ee Active 


0 ae Active Set 1" na 1 of CA; 
B,) 

1 t Active Set ‘1’ on t of CA, 
(CB,) 


Interrupt Flag MPU Interrupt 





CRA7 (CRB7) TUrW ii 
Set “1 on + of CA, Disabled — TRO remains 
(CB; ) “High” 


Goes “Low” when the inter- 
rupt flag bit CRA7 (CRB7) 
goes be had 
Disabled — 
“High” 
Goes ‘‘Low” when the inter- 
rupt flag bit CRA7 (CRB7) 


[RQ remains 





1 t Active Set “1 on t of CA, 
(CB,} 
goes 4" 


(Notes) 1. ft indicates positive transition (“‘Low” to ‘‘High’’} 
2. 4 indicates negative transition (““‘High” to “Low’’) 
3. The Interrupt flag bit CRA7 is cleared by an MPU Read of the A Peripheral Register 
and CRB7 is cleared by an MPU Read of the B Peripheral Register. 
4. lf CRA RBO) is 0” when an interrupt occurs (Interrupt disabled) and is later brought “1°, 
TARGA occurs after CRAO (CRBO) is written toa "1". 
Table 4 Control of CA, and CB, as interrupt Inputs — CRA5 (CRBS) is “0” 
oe CRA4 CRA3 Interrupt Input Interrupt Flag ih ae 
CRB CRB4 B3 CA 
0 eee | Active Set "1" on J of Rak coe Disabled — TRO remains 
Rak coe ) “High” 
0 Le! Active Set “1” on | of CA, Goes “’Low” when the inter- 
(CB) rupt flag bit CRA6 (CRB6) 
goes a | we 
fe) ee Active Set 1” on t of Leen cee | Disabled — IRQ remains 
Leen cee | ) “High” 
0 Ses Active Set ‘1’ on t of CA, Goes “Low” when the inter- 
(CB2) rupt flag bit CRA6 (CRB6) 
goes meqe 
(Notes) 1. f indicates positive transition (““Low” to “High’’) 
2. + indicates negative transition (‘‘High’’ to ‘‘Low’’) 
3. The interrupt flag bit CRAG is cleared by an MPU Read of the A Peripheral Register and CRB6 is 
cleared by an MPU Read of the B Peripheral Register. 
4. If CRA3 longs) is 0" when an interrupt occurs (Interrupt disabled) and is fater brought 


“1, ROA (IR 


QB) occurs after CRA3 (CRB3) is written toa “1” 
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Table 5 Control of CB2 as an Output — CRBS is “1” 
CB, 


“Low’’ on the positive transition of 
the first E pulse after MPU 
Write ‘““B’’ Data Register operation. 


CRBS 
1 


CRB4 CRB3 


“Low” on the positive transition of 
the first E pulse after an MPU Write 
“BY” Data Register operation. 


ue Low” 


—_ 


Table 6 Control of CA, as an Output — CRAS is “1” 


CA, 
CRAS5 CRA4 CRA3 Cleared 
1 “‘Low’’ on negative transition of E 
after an MPU Read ‘‘A” Data Opera- 
tion. 
1 “Low” on negative transition of E 
after an MPU Read “A” Data opera- 
tion. 
ae ae CRAB 
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Set 


“High” when the interrupt flag bit 
CRB7 is set by an active transition 
of the CB, signal. (See Figure 16) 


“High” on the positive edge of the 
first E’’ pulse following an “E” 
pulse which occurred while the 

part was deselected. (See Figure 16) 


(The content of CRB3 is output on CB.) 


“High” 
(The content of CRB3 is output on CB) 


Set 
“High’’ when the interrupt flag bit 
CRA7 is set by an active transition 
of the CA, signal. (See Figure 16) 


“High” on the negative edge of the 
first ‘‘E’’ pulse which occurs during 
a deselect. (See Figure 16) 


(The content of CRA is output on CA2) 


(The content of CRA3 is output on CA,) 


= PIA OPERATION 


© Initialization ae, 

When the external reset input RES goes “Low”, all internal 
registers are cleared to “0”. Periperal data port (PA)~PA7, 
PBo~PB, ) is defined to be input and control lines (CA; ,CA3, 
CB, and CB.) are defined to be the interrupt input lines. PIA is 
also initialized by software sequence as follows. 


Clear the control register 
Load input/output direction data into ACC 


Store the contents of ACC into the 
data direction register 


Load the control data to be written into ACC 


Store the contents of ACC into the control register 


tnput/output processing 

















@ Read/Write Operation Not Using Control Lines 
<Read Operation> 


Set the data direction register to “00” 


CLR CRA 













LDAA #$04 
Initialize the control register STAA CRA 
I 
1 
1 
1 
Load the contents of the peripheral ' 
interface register into the accumulator LDAA  PIRA 
<Write Operation> 
CLR CRA 
Set the data direction register to “FF” LDAA  #$FF 
STAA DORB 


Initialize the control register 





CLR DORA e 


LDAA #$04 


STAA . CRB 
1 
Store the data in the accumulator into H 
output register LDAA DATA 
STAA PIRB 
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Program the data direction register access bit of the control 
register to “O” to allow to access the dada direction register. 


The data of the control line function is set into the accumu- 
lator, of which Data Direction Register Access Bit shall be 
programmed to “‘1”’, 

Transfer the control data from the accumulator into the 
control register. 


Clear the DDRA access bit of the control register to “O”. 
Clear all bits of the dada direction register. 


Set DDRA access bit of the control register to “1” to allow 
to access the peripheral interface register. 


Set DDRB access bit of the control register to “0”. 


© Set all bits of the data direction register to “FF”. 


e Set DDRB access bit of the control register to “1” to allow to 


access the peripheral interface register. 


e Write the data into the peripheral interface register. 
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© Read/Write Operating Using Control Lines 

Read/write request from peripherals shall be put into the 
control lines as an interrupt signal, and then MPU reads or 
writes after detecting interrupt request. 
< Read > 


The following case is that Port A is used and that the rising 
edge of CA, indicates the request for read from peripherals. 


Set the data direction register to ‘‘00’’ 


Initialize the contro! register 


Load the contents of the control register 
into the accumulator 






CLR CRA ¢ Set the DDRA access bit to “0”, 
CLR DDRA e Set all bits of the data direction register to “0”. 





LDAA #$06 © Program the rising edge of CA, to be active. IRQA is masked 
STAA CRA and DDRA access bit is set to 1. 








LOOP LDAA CRA 
BPL Loop | ® Check whether the read request comes from peripherals 


or not. 


LDAA PIRA ~—e_ Load the data from the peripheral interface register into the 
accumulator. CRA flag is reset after this read operation. 


Load the contents of the peripheral 
interface register into the accumulator 


To read the peripheral data, the data is directly transfered to 
the data buses Do~D, through PAg~PA, or PBy~PB, and 
they are not latched in the PIA. If necessary, the data should be 
held in the external latch until MPU completes reading it. 

When initializing the control register, interrupt flag bit 
(CRA7, CRA6, CRB7, CRB6) cannot be written from MPU. If 
necessary the interrupt flag must be reset by dummy read of 
Peripheral Register A and B. 





<Write> 

Write operation using the interrupt signal is as follows. In 
this case, B port is used and interrupt request is input to CB, . 
And the IRQ flag is set at the rising edge of CB, . 
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Load the contents of the control 
register into the accumulator 


Load the contents of the output LDAA 
register in the accumulator 
Store the contents of the accumulator 
into the output register STAB 


Interrupt request flag bits (CRA7, CRA6, CRB7 and CRB6) 
cannot be written and they cannot be also reset by write 
operation to the peripheral interface register. So dummy read of 
peripheral interface register is needed to reset the flags. 

To accept the next interrupt, it is essential to reset indirectly 
the interrupt flag by dummy read of peripheral interface 
register. 


Software poling method mentioned above requires MPU to: 


continuously monitor the control register to detect the read/ 
write request from peripherals. So other programs cannot run at 
the same time. To avoid this problem, hardware interrupt may 
be used. The MPU is interrupted by IRQA or IRQB when the 
read/write request is occurred from peripherals and then MPU 
analyzes cause of the interrupt request during interrupt pro- 
cessing. 
e Handshake Mode 

The functions of CRA and CRB are similar but not identical 
in the hand-shake modes. Port A is used for read hand-shake 
operation and Port B is used for write hand-shake mode. 

CA, and CB, are used for interrupt input requests and CA, 
and CB, are control outputs (answer) in hand-shake mode. 

Fig. 16, Fig. 17 and Fig. 18 show the timing of hand-shake 
mode. 








< Read Hand-shake Mode> 
CRA5=“1”, CRA4=“0” and CRA3=“0” 


@ A peripheral device puts the 8-bit data on the peripheral 
data lines after the control output CA, goes “Low”. 


@ The peripheral requests MPU to read the data by using CA, 
input. 
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LOOP LDAA_~ CRB 
BPL LOOP 


PIRB 


PIRB 
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CLR CRB e Set DDRB access bit to “0” 
Set the data direction register to “FF” LDAA #$FF , “op 
pee bai } © Set all bits of DDRB to output “1”. 
LDAA isi i i 
2 ee ee 
STAA CRB and DDRB access bit is set to “1”’. 


® Check whether the write request comes from peripherals 
or not. 


e Reset the CRB7 flag by the dummy read of the 
peripheral interface register. 


e Store the data of the accumulator B to the peripheral 
interface register. 


@ CRA flag is set and CA, becomes “High” (CA, auto- 
matically becomes “High” by the interrupt CA,). This 
indicates the peripheral to maintain the current data and 
not to transfer the next data. 

@ MPU accepts the read request by IRQA hardware interrupt 
or CRA read. Then MPU reads the peripheral register A. 


@ CAz goes “Low” on the following edge of read Enable 
pulse. This informs that the peripheral can set the next data 
to port A. 


<Write Hand-shake> 

CRBS = “1”, CRB4 = “0” and CRB3 = “0” 

@ A peripheral device requests MPU to write the data by using 
CB, input. CB, output remains “High” until MPU write 
data to the peripheral interface register. 

CRB7 flag is set and MPU accepts the write request. 

MPU reads the peripheral interface register to reset CRB7 
(dummy read). 

Then MPU write data to the peripheral interface register. 
The data is output to port B through the output register. 
CB, automatically becomes “Low” to tell the peripheral 
that new data is on port B. 

The peripheral read the data on Port B peripheral data lines 
and set CB, to “Low” to tell MPU that the data on the 
peripheral data lines has been taken and that next data can 
be written to the peripheral interface register. 


© © © ©O 


<Pulse mode> 
CRAS = “1”, CRA4 = “0” and CRA3 = “1” 
CRBS = “1”, CRB4 = “0” and CRB3 = “1” 
This mode is shown in Figure 16, Figure 19 and Figure 20 
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| 
MPU Read 
| 
| 


CSRS, -RS, | | 
| 


Port A (Read) 


| 
The change of PA, ~PA 


is not allowed. 
PA, ~PA,|are 
allowed to be set. 


CA, Reddy 


CSRS, -RS, 


D,~D, 


Port B (Write) 


cs, 4s POMEL 
YSWRITE Request i WRITE Request 
Gd ‘a’ is 


@® dummy Read 
\ Reset 


® 


PB, ~PB, data is old. 
PB, ~PB, data is new. 
Ready 





Figure 16 Timing of Hand-shake Mode and Pulse Mode 
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Goes “High” on Goes ‘‘Low’’ when data on 
transition of CA, “A” side has been read by 
(IRQA1 Flag bit set) 


MPU after falling edge 
of enabie signal 
(LDA A PIRA) 
CA, 


Enable signal (E) 
Handshaking with peripheral on ‘A’ side 


PIRA 


PIA Peripheral 
CA, 
7 CRA f?) 


: Peripheral Says: 
icon re teyee Here’s new data 
(Sets CRA7) 





Figure 17 Bits 5, 4,3 of CRA = 100 (Hand-shake Mode) 


Goes “Low’’ on first 

Goes “High” or transition Positive edge of enable 
A signal after the MPU 

of CB, (IRQB1 flag bit set) stores data to the “B” 
side. (STA A PIRB) 


cB, 


Handshaking with peripheral on ‘B’ side 


ce, 
? CRB 0 





Seys: Here's new data 


Peripheral 
(STA A PIRB) 


Request for deta 


Figure 18 Bits 5, 4, 3 of CRB = 100 (Hand-shake Mode) 
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Goes “High’’ on 
CA, Normally Goes “Low” after a ‘‘Read a side the negative 
“High” data’”’ Instruction (LDA) edge of the 
(Negative transition of E) next E pulse 
after a 
“Read a 
side data” 
instruction 
(LDA) 



















Enable 
signal (E) | | | 
Pulse mode 
Pulse output on ‘A’ side 
PIRA 
PIA Peripheral 
CA, 
7 CRA 0 
Pulse initiated as a result rs ; i oe 
of reading ‘A’ side Data “Read” by MPU 
(LDA A PIRA) 
Figure 19 Bits 5, 4, 3 of CRA = 101 (Pulse Mode) 
Goes *’High’’ on the 
CB, Normally next positive E 
“High” Goes “Low” on the positive pulse rd A 

transition of the first ere ” 
E pulse after a “write B ee 
rd — instruction (STA) 

Enable 

signal 

ep ee 


Pulse mode 
Pulse output on ‘B’ side 


PIRB 


PIA Peripheral 


cB, 
7 CRB 0 


Pulse initiated as ‘ result New rrr ila 
of writing into ’B8’ side ? 
(STA A PIRB) for peripheral 





Figure 20 Bits 5, 4, 3 of CRB=101 (Pulse Mode) 
600 @ HITACHI 





@ SUMMARY OF CONTROL REGISTERS CRA AND CRB 

Control registers CRA and CRB have total control of CA;, 
CA,,CB,, and CB, lines. The status of eight bits of the control 
registers may be read into the MPU. However, the MPU can only 
write into Bit 0 through Bit 5 (6 bits), since Bit 6 and Bit 7 are 
set only by CA,, CA2, CB,;, or CB,. 


@ Addressing PtAs 

Before addressing PIAs, the data direction (DDR) must first 
be loaded with the bit pattern that defines how each line is to 
function, i.e., as an input or an output. A logic “1” in the data 
direction register defines the corresponding line as an output 
while a logic “0” defines the corresponding line as an input. 
Since the DDR and the peripheral interface resister have the same 
address, the control register bit 2 determines which register is 
being addressed. If Bit 2 in the control register is a logic “0”, 
then the DDR is addressed. If Bit 2 in the control register is a 
logic “1”, the peripheral interface register is addressed. There- 
fore, it is essential that the DDR be loaded first before setting 
Bit 2 of the control register. 


<Example> 

Given a PIA with an address of 4004, 4005, 4006, and 4007. 
4004 is the address of the A side peripheral interface register. 
4005 is the address of the A side control register. 4006 is the 
address of the B side peripheral interface register. 4007 is the 
address of the B side control register. On the A side, Bits 0, 1, 2, 
and 3 will be defined as inputs, while Bits 4, 5,6, and 7 will be 
used as outputs. On the B side, all lines will be used as outputs. 


PIAIAD = 4004 (DDRA, PIRA) 
PIAIAC = 4005 (CRA) 
PIA1BD = 4006 (DDRB, PIRB) 
PIA1BC = 4007 (CRB) 
1, LDAA #%11110000 (4 outputs, 4 inputs) 
2. STAA PIAIAD (Loads A DDR) 
3. LDAA #%@11111111 (All outputs) 
4. STAA PIAIBD (Loads B DDR) 
5. LDA A #%00000100 (Sets Bit 2) 
6. STAA PIAIAC (Bit 2 set in A control register) 
7. STAA PIAIBC = (Bit 2 set in B control register) 


Statement 2 addresses the DDR, since the control register 
(Bit 2) has not been loaded. Statements 6 and 7 load the control 
registers with Bit 2 set, so addressing PIAIAD or PIAIBD 
accesses the peripheral interface register. 


@ PIA Programming Via The Index Register 


The program shown in the previous section can be accom- 
plished using the Index Register. . 


1. LDX #$F004 
2. STX  PIAIAD $FO-PIA 1 AD ;$04>PIA1 AC 
3. LDX #$FFO04 
4.  STX ~~ PIAIBD $FF>PIA1BD;$04->PIA1BC 


Using the index register in this example has saved six bytes of 
program memory as compared to the program shown in the 
previous section. 
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e@ Active Low Outputs 
When all the outputs of given PIA port are to be active ‘““Low” 
(True = 0.4 volts), the following procedure should be used. 


a) Set Bit 2 in the control register. 

b) Store all 1s ($FF) in the peripheral interface register. 
c) Clear Bit 2 in the control register. 

d) Store all 1s ($FF) in the data direction register. 

e) Store control word (Bit 2 = 1) in control register. 


<Example> 

The B side of PIAI is set up to have all active low outputs. 
CB, and CB, are set up to allow interrupts in the HAND- 
SHAKE MODE and CB, will respond to positive edges 
(“Low’”’-to-“High” transitions). Assume reset conditions. Ad- 
dresses are set up and equated to the same labels as previous 
example. 


1 LDA A#4 

2. STA APIAIBC Set Bit 2 in PIAIBC (control register) 
3. LDA B#$FF 

4. STA BPIAIBD All 1s in peripheral interface register 
5. CLR PIAIBC Clear Bit 2 

6. STA BPIAIBD All ls in data direction register 

7. LDA A #$27 

8. STA A PIAIBC 00100111 control register 


The above procedure is required in order to avoid outputs 
going “‘Low”, to the active “Low” TRUE STATE, when all Is 
are stored to the data direction register as would be the case if 
the normal configuration procedure were followed. 


e Interchanging RS, And RS, 

Some system applications may require movement of 16 bits 
of data to or from the “outside world” via two PIA ports (A 
side + B side). When this is the case it is an advantage to 
interconnect RS, and RSo as follows. 


RS, to Al (Address Line Al) 
RS, to AO (Address Line AO) 


This will place the peripheral interface registers and control 
registers side by side in the memory map as follows. 


Table Example Address 
PIAIAD $4004 (DDRA, PIRA) 
PIAIBD $4005 (DDRB, PIRB) 
PIAIAC $4006 (CRA) 
PIAIBC $4007 (CRB) 


The index register or stackpointer may be used to move the 
16-bit data in two 8-bit bytes with one instruction. As an 
example: 


LDX PIAIAD PIAIAD >> IXy: PIAIBD >> IX, 


@ PIA— After Reset 

When the RES (Reset Line) has been held “Low” for a 
minimum of one microsecond, all registers in the PIA will be 
cleared. 

Because of the reset conditions, the PIA has beeri defined as 


@ HITACHI 601 


HD6321,HD63A21,HD63B21 


follows. 

1. All I/O lines to the ‘outside world” have been defined as 
inputs. 

2. CA,,CA,,CB:, and CB, have been defined as interrupt 
input lines that are negative edge sensitive. 

3. All the interrupts on the control lines are masked. Setting of 


interrupt flag bits will not cause ROA or IRQB to go “Low”. 


a SUMMARY OF CA,-CB, PROGRAMMING 
Bits 1 and O of the respective control registers are used to 
program the interrupt input control lines CA, and CB,. 


b1 bO 

0 0 b1 = Edge (0 = -, 1 = +} 

0 1 bO = Mask (0 = Mask, 7 = Allow) 
1 0 

1 1 


Note that this is the same logic as Bits 4 and 3 for CA,-CB, 
when CA,-CB, are programmed as inputs. 


1/0 As Follow: 


Control Lines: 

CA, — Positive Edge, Allow Interrupt 
CA, ~— Pulse Mode 

CB, — Negative Edge, Mask Interrupt 
CB, — Hand Shake Mode 


Assume Reset Condition 
PIA1AD 


PIA1AC 
PIA1BD 
PIA1BC 


PIA Configuration Solution 


LDA A #$BC 10111100 

STA A PIA1AD 1/0 to DDRA 
LDA A #$FF 11171111 
STA A PIA1BD 1/0 to DDRB 
LDA A #$2F 0010 1111 
STA A PIA1AC To “A" Control 
LDA A #$24 0010 0100 
STA A PIA1BC To "B" Contro! 








= SUMMARY OF CA,-CB, PROGRAMMING 
Bits 5, 4, and 3 of the control registers are used to program 
the operation of CA, -CB,. 


b5 b4 b3 
0 | O(-) O (Mask) CA,—CB, Input Mode 
CA, —CB 2 2 
input >| 0 | O(-) 1 (Allow) b4 = Edge (0= -, 1 = +) 
Mode O | 1(+) QO (Mask) b3=Mask (0 = Mask, 
O |] 1(+) 1 = (Allow) 1 = Allow) 
CA, —CB, 0 O — Handshake Mode 
Output _, 0 1 — Pulse Mode 
Mode 7 b3 Following Mode 


PB, 


PB 


Figure 21 PIA Configuration Problem 


602 


@ HITACHI 





HD6321,HD63A21,HD63B21 


® NOTE FOR USE 
Compatibility with NMOS PIA (HD6821) 


Table 7 Comparison CMOS PIA (HD6321) with NMOS PIA (HD6821) 


tom | CMOS PIA (HD6321) NMOS PIA (HD6821) 


Three-state output Pull-up output 


PortA 

Output |——— 

Buffer BORA ft es = 
ORA 


Internal 


Date Bus Internal 


Data Bus 
Read signal 


Input floating match gate 


Three-state output Three-state output 


PB, ~PB, | DDRB 
Output ORB 
Buffer 


Internal 
Data Bus 


Read signal 


Input floating match gate 





There is no difference between CMOS PIA and NMOS PIA in pin arrangement. 
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= PACKAGE DIMENSIONS (Unit: mm) 
© DP-40 © FP.54 


- 0.48 £0.10 


< 
° 
+ 
© 
a 
is 
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PTM (Programmable Timer Module) 


The HD6840 is a programmable subsystem component of the 
HMCS6800 family designed to provide variable system time 
intervals, 

The HD6840 has three 16-bit binary counters, three corres- 
ponding control registers and a status register. These counters 
are under software control and may be used to cause system 
interrupts and/or generate output signals. The HD6840 may be 
utilized for such tasks as frequency measurements, event count- 
ing, interval measuring and similar tasks. The device may be 
used for square wave generation, gated delay signals, single 
pulses of controlled duration, and pulse width modulation as 
well as system interrupts. (DC-28) 


HD6840, HD68A40, HD68B40 


FEATURES HD6840P, HD68A40P, HD68B40P 
Operates from a Single 5 Volts Power Supply 
Fully TTL Compatible 
Single System Clock Required (E) 
Selectable Prescaler on Timer 3 Capable of 4 MHz for the 
HD6840, 6 MHz for the HD68A40 and 8 MHz for the 
HD68B40 
@ Programmable Interrupts (TRO) Output to MPU 
@ Readable Down Counter Indicates Counts to Go until Time- 
Qut 
@ Selectable Gating for Frequency or Pulse-Width Comparison 
e@ RES Input (DP-28) 
@ Three Asynchronous External Clock and Gate/Trigger 
Inputs Internally Synchronized 
@ Three Maskable Outputs 
@ Compatible with MC6840, MC68A40 and MC68B40 





® BLOCK DIAGRAM = PIN ARRANGEMENT 


oe} Ww & . 
M R/W RS. RS: RS: CS. CS; (System ¢) 


HD6840 





(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 


Item | Symbol] min, | tye max nit 
Supply Voltage 475 | 50 | ae | 


Operating Temperature pe eee er ye 


* With respect to Vgg (SYSTEM GND) 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


item [Symbol | __Test Condition | min | typ" | max | Unit 
faput “High” Vowage | Vm |S 22 | dC V 
Input “Low” Voltage Ee ne OB 
Input Leakage Current ae Vin = 0 ~ 5.25V (Except Do ~ D7) Sse BA 


Three-State Input Current | Vin = 0.4 ~ 2.4V, A 
(off-state) Ts! Vee = 5.25V (Do ~ Dz) f 
I = -205 uA (Do ~ D7) 
aati apa - [ 
Dad eas ILoap = -200 HA (Other Outputs) 
lLoab =16mA (Do an D,) 
Output “Low” Voltage Vv Vv 
hid lLoap =3.2mA (O,; ~ 03, IRO 


Output Leakage Current 
cies rT ee ee 


Power Dissipation mW 


Input Capacitance Cin pF 


Output Capacitance Cas pF 





* Ta=25°C, Vec=5.0V 
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@ AC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


1. MPU READ TIMING 


Item 


Enable Cycle Time 

Enable ‘‘High’’ Pulse Width 
Enable “Low” Pulse Width 
Enable Rise and Fall Time 
Address Set Up Time 

Data Delay Time 

Data Hold Time 

Address Hold Time 

Data Access Time 


2. MPU WRITE TIMING 


Item 


Enable Cycle Time 
Enable “High’’ Pulse Width 
Enable ‘‘Low’’ Pulse Width 
“Enable Rise and Fall Time 
Address Set Up Time 
Data Set Up Time 

~ Data Hold Time 

“Address Hold Time 


Test HD6840 HD68A40 HD68B40 


teycE 
ter, tes 
tas 
topor 





Test 


Symbol | condition 


PWe. 


ter, ter | 


tas 











3. TIMING OF PTM SIGNAL 


Item 


Input Rise and Fall Times} 0, G, RES | 


Input “Low” Pulse Width am lal een 






Fimin [typ [max | min [tye [max [min [ep [max | 
0 








HDEs40 

in| tye | max| min | tye | max[ min | typ 
a 
[Bas [ = "4s [0200 = 4s [022 

















Unit 


max | ont 


Ms 
Us 
Ms 
ns 
ns 


~ —|_ns 


ns 
ns 


soelestomeel Test Condition a ane H aa eae 


Fig. 3 


Asynchronous ) 


Fs MOTD Ra 


baie Seale) saad a il = letaeto| | 


Fig, 4 
oe ee big pica pas fem | Moe) vo 


Input Setup Time 


tnput Hold Time 


Input Pulse Width 


Output Delay Time 


Interrupt Release Time 


* tr tS teyce 
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Cy (+8 Pre- 
scaler Mode) 
Cy (+8 Pre- 
scaler Mode) 


Cs (+8 Pre- 
scaler Mode) 


Fig. 6 
( gynetronout 


Fig. 5 


Load D 
| Fig. 7 | Fig. 7 





Vou =2,4V, 


ee Ce eee ee ee 
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us 


J 
oa 


3 
a 


] 
a 


=] 
a 


a 
a 


= 
a 


RS, CS, R/W 


Data Bus 


HOI 


Figure 5 


Figure 1 





Bus Read Timing 


(Read Information from PTM) 


Figure 3 





Input Pulse Width ‘‘Low”’ 





Input Setup and Hold Times 


08V 


tir 
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tas 


RS, CS, R/W 





Data Bus 


Figure 2 Bus Write Timing 
(Write Information into PTM) 


2 2 


2 Kgs) 
AD 





PW 


Figure 4 


Input Pulse Width ‘‘High”’ 





teo, tem 






* Vou(cmos) = 9.7 X Vec 
Figure 6 Output Delay 


24V 


Figure 7 IRQ Release Time 
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Load A 
(0, ~ 0.) 
5.0V 
RL 22.4 k2 
Test Point 
130 pF 11 kQ All diodes are 
182074 @ or equiv. 
Load C 
(TRG Only) 
5.0V 
1.3kQ 
Test Point 


100 a 


Load B 
(0,,0,,05) 
(TTL Load) 
5.0V 


Re 


Test Point 


Adjust Ry. 
so that lo, 3.2 mA 
then test Vo. 


All diodes are 
182074 © or equiv. 


40 pF 12 k2 


Load D 
(0,,0,,0, ) 
(CMOS Load) 

(MOS) 


Test Point aaeas| 
- pF 


Figure 8 Test Loads 


® GENERAL DESCRIPTION 

The HD6840 is part of the HMCS6800 microprocessor 
family and is fully bus compatible with HD6800 systems. The 
three timers in the HD6840 operate independently and in 
several distinct modes to fit a wide variety of measurement and 
synthesis applications. 

The HD6840 is an integrated set of three distinct counter/ 
timers, It consists of three 16-bit data latches, three 16-bit 
counters (clocked independently), and the comparison and 


enable circuitry necessary to implement various measurement’ 


and synthesis functions. In addition, it contains interrupt drivers 
to alert the processor that a particular function has been 
completed. 

In a typical application, a timer will be loaded by first storing 
two bytes of data into an associated Counter Latch. This data is 
then transferred into the counter via a Counter initialization 
cycle. If the counter is enabled, the counter decrements on each 
subsequent clock period which may be an external clock, or 
Enable (E) until one of several predetermined conditions causes 
it to halt or recycle. The timers are thus programmable, cyclic in 
nature, controllable by external inputs or the MPU program, 
and accessible by the MPU at any time. 
= PTM INTERFACE SIGNALS FOR MPU 

The Programmable Timer Module (PTM) interfaces to the 
HMCS6800 Bus with an eight-bit bidirectional data bus, two 


Chip Select lines, a Read/Write line, an Enable (System ¢-) line, 
an Interrupt Request line, an external Reset line, and three 
Register Select lines. These signals, in conjunction with the 
HD6800 VMA output, permit the MPU to control the PTM. 
VMA should be utilized in conjunction with an MPU address 
line into a Chip Select of the PTM, when the HD6800, HD6802 
are used. 


® Bidirectional Data (Dy ~ D+) 

The bidirectional data lines (Dp~D7) allow the transfer of 
data between the MPU and PTM. The data bus output drivers 
are three-state devices which remain in the high-impedance (off) 
state except when the MPU performs a PTM read operation 
(Read/Write and Enable lines “High” and PTM Chip Selects 
activated). 


@ Chip Select (CS_, CS,) 

These two signals are used to activate the Data Bus interface 
and allow transfer of data from the PTM. With CS) = “Low” 
and CS, = “High”, the device is selected and data transfer will 
occur. 


© Read/Write (R/W) 

This signal is generated by the MPU to control the direction 
of data transfer on the Data Bus. With the PTM selected, a 
“Low” state on the PTM R/W line enables the input buffers and 
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data is transferred from the MPU to the PTM on the trailing 
edge of the Enable (System ¢,) signal. Alternately, (under the 
same conditions) R/W = “High” and Enable ‘‘High” allows data 
in the PTM to be read by the MPU. 


@ Enable (E) 

This signal synchronizes data transfer between the MPU and 
the PTM. It also performs an equivalent synchronization func- 
tion on the external clock, reset, and gate inputs of the PTM. 


@ Interrupt Request (IRQ) 

The active “Low” Interrupt Request signal is normally tied 
directly (or through priority interrupt circuitry) to the IRQ 
input of the MPU. This is an “open drain” output (no load 
device on the chip) which permits other similar interrupt re- 
quest lines to be tied together in a wire-OR configuration. 

The IRQ line is activated if, and only if, the Composite Inter- 
rupt Flag (Bit 7 of the Internal Status Register) is asserted. The 
conditions under which the FRQ line is activated are discussed in 
conjunction with the Status Register. 


© Reset (RES) 

A “Low” level at this input is clocked into the PTM by the 
Enable (System $2) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM then recognizes the 
active “Low” or inactive “High” on the third Enable pulse. If 
the RES signal is asynchronous, an additional Enable period is 
required if setup times are not met. The RES input must be 
stable “High”/“Low” for the minimum time stated in the AC 
Characteristics. 

Recognition of a “Low” level at this input by the PTM 
causes the following action to occur: 

a, All counter latches are preset to their maximal count 


HD6840,HD68A40,HD68B40 


values. 

b. All Control Register bits are cleared with the exception of 
CR1O (internal reset bit) which is set. 

c. All counters are preset to the contents of the latches. 

d. All counter outputs are reset and all counter clocks are 
disabled. 

e. All Status Register bits (interrupt flags) are cleared. 


© Register Select Lines (RS), RS:, RS2) 

These inputs are used in conjunction with the R/W line to 
select the internal registers, counters and latches as shown in 
Table 1. 

It has been previously stated that the PTM is accessed via 
MPU Load and Store operations in much the same manner as a 
memory device. The instructions available with the HMCS6800 
family of MPUs which perform operations directly on memory 
should not be used when the PTM is accessed. These instruc- 
tions actually fetch a byte from memory, perform an operation, 
then restore it to the same address location. Since the PTM used 
the R/W line as an additional register select input, the modified 
data may not be restored to the same register if these instruc- 
tions are used. 


= PTM ASYNCHRONOUS INPUT/OUTPUT SIGNALS 

Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line. The inputs are 
high impedance, TTL compatible lines and outputs are capable 
of driving two standard TTL loads. 
© Clock Inputs (C,, C,, C3) 

Input pins C,, C,, and C3 will accept asynchronous TTL 
voltage level signals to decrement Timers 1, 2, and 3, respec- 
tively. The “High” and “Low” levels of the external clocks must 
each be stable for at least one system clock period plus the sum 


Table 1 Register Selection 







CR20 = "0" 





CR20 = ‘1 


pp 


*L; “Low” level, H; “High” level 


of the setup and hold times for the inputs. The asynchronous 
clock rate can vary from dc to the limit imposed by Enable 
(System ¢, ) Setup, and Hold time. 

The external clock inputs are clocked in by Enable (System 
¢) pulses, Three Enable periods are used to synchronize and 
process the external clock. The fourth Enable pulse decrements 
the internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock input transition and 
internal recognition of that transition by the PTM. All refer- 
ences to C inputs in this document relate to internal recognition 
of the input transition. Note that a clock “High” or “Low” level 
which does not meet setup and hold time specifications may 
require an additional Enable pulse for recognition. When ob- 
serving recurring events, a lack of synchronization will result in 


= eae 

Select Inputs Operations 
pas| SRW] | 

L Write Control Register #3 F 

Write Control Register #1 
Pe [| H | Write Timer #1 Latches | Reed LS8 Buffer Register| 
TH | [ on | Write Timer #2 Latches + Read LSB Buffer Register _| 
| H [Write Timer #3 Latches | Read LSB Buffer Register_| 


















“jitter” being observed on the output of the PTM when using 
asynchronous clocks and gate input signals. There are two types 
of jitter. “System jitter” is the result of the input signals being 
out of synchronization with the Enable (System ¢, ), permitting 
signals with marginal setup and hold time to be recognized by 
either the bit time nearest the input transition or the subsequent 
bit time. 


“Input jitter” can be as great as the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and not 
recognized the next cycle, or vice versa. 


External clock input C3 represents a special case when Timer 
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#3 is programmed to utilize its optional +8 prescaler mode. The 
maximum input frequency and allowable duty cycles for this 
case are specified under the AC Characteristics. The output of 
the +8 prescaler is treated in the same manner as the previously 
discussed clock inputs. That is, it is clocked into the counter by 
Enable pulses, is recognized on the fourth Enable pulse 
(provided setup and hold time requirements are met), and must 
produce an output pulse at least as wide as the sum of an Enable 
period, setup, and hold times. 


hay) =) et po Ey SO pr TS py ES HE sae SE pany 
ice sos — 
t 
nee Either or Here 
Hiese => j= System 
Bit Time 


Output eens amt AE Jitter 


© Gate Inputs (G, G2, G3) 

Input pins G;, G,, and G3 accept asynchronous TTL- 
compatible signals which are used as triggers or clock gating 
functions to Timers 1, 2, and 3, respectively. The gating inputs 
are clocked into the PTM by the Enable (System ¢,) signal in 
the same manner as the previously discussed clock inputs. That 
is, a Gate transition is recognized by the PTM on the fourth 
Enable pulse (provided setup and hold time requirements are 
met), and the “High” or “Low” levels of the Gate input must be 
stable for at least one system clock period plus the sum of setup 
and hold times. All references to G transition in this document 
relate to internal recognition of the input transition. 

The Gate inputs of all timers directly affected the internal 
16-bit counter. The operation of G; is therefore independent of 
the +8 prescaler selection. 
© Timer Outputs (0;,0,, 03) 

Timer outputs O,, O,, and O3 are capable of driving up to 
two TTL loads and produce a defined output waveform for 
either Continuous or Single-Shot Timer modes. Output wave- 
form definition is accomplished by selecting either Single 16-bit 
or Dual 8-bit operating modes. The single 16-bit mode will 
produce a square-wave output in the continuous timer mode 
and will produce a single pulse in the Single-Shot Timer mode. 
The Dual 8-bit mode will produce a variable duty cycle pulse in 
both the continuous and single shot Timer modes. “1” bit of 
each Control Register (CRX7) is used to enable the corres- 
ponding output. If this bit is cleared, the output will remain 
“Low” (Vo) regardless of the operating mode. 

If it is cleared while the output is high the output will go low 
during the first enable cycle following a write to the Control 
Register. 

The Continuous and Single-Shot Timer Modes are the only 
ones for which output response is defined in this data sheet. 
Signals appear at the outputs (unless CRX7= “0”) during Fre- 
quency and Pulse Width comparison modes, but the actual 
waveform is not predictable in typical applications. 
® CONTROL REGISTER 

Each timer in the HD6840 has a corresponding write-only 
Control Register. Control Register #2 has a unique address 
space (RSO=“‘High”, RSi=“‘Low”, RS2=“‘Low”) and therefore 
may be written into at any time. The remaining Control 
Registers (#1 and#3) share the Address Space selected by a 
“Low” level on all Register Select inputs. 

@ CR20 

The least-significant bit of Control Register #2 (CR20) is 

used as an additional addressing bit for Control Registers #1 and 





#3. Thus, with all Register selects and R/W inputs at “Low” 
level. Control Register #1 will be written into if CR20 is a logic 
“1”, Under the same conditions, control Register #3 can also be 
written into after a RES “Low” condition has occurred, since 
all control register bits (except CR10) are cleared. Therefore, 
one may write in the sequence CR3,CR2,CRI1. 

e CR10 

The least-significant bit of Control Register #1 is used as an 
internal Reset bit. When this bit is a logic “0”, all timers are 
allowed to operate in the modes prescribed by the remaining 
bits of the control registers. Writing a “1” into CR10 causes all 
counters to be preset with the contents of the corresponding 
counter latches, all counter clocks to be disabled, and the timer 
outputs and interrupt flags (Status Register) to be reset. 
Counter Latches and Control Registers are undisturbed by an 
Internal Reset and may be written into regardless of the state 
of CRIO. 

@ CR30 

The least-significant bit of Control Register #3 is used as a 
selector for a +8 prescaler which is available with Timer #3 
only, The prescaler, if selected, is effectively placed between the 
clock input circuitry and the input to Counter #3. It can there- 
fore be used with either the internal clock (Enable) or an ex- 
ternal clock source. 

@ CRX1 ~ CRX7 (X=1~3) 

The functions depicted in the foregoing discussions are 
tabulated in Table 2 for ease of reference. 

Control Register Bits CR10, CR20, and CR30 are unique in 
that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common functions, 
with a particular Control Register affecting only its corres- 
ponding timer. 

e CRX1 

Bit 1 of Control Register #1 (CR11) selects whether an in- 
ternal or external clock source is to be used with Timer #1. 
Similarly, CR21 selects the clock source for Timer #2, and 
CR31 performs this function for Timer #3. The function of 
each bit of Control Register “X” can therefore be defined as 
shown in the remaining section of Table 2. 
© CRX2 

Control Register Bit 2 selects whether the binary information 
contained in the Counter Latches (and subsequently loaded into 
the counter) is to be treated as a single 16-bit word or two 8-bit 
bytes. In the single 16-bit Counter Mode (CRX2=0) the counter 
will decrement to zero after N + 1 enabled (G=“Low”) clock 
periods, where N is defined as the 16-bit number in the Counter 
Latches, With CRX2 = 1, a similar Time Out will occur after (L 
+ 1)*(M + 1) enabled clock periods, where L and M, respec- 
tively, refer to the LSB and MSB bytes in the Counter Latches. 
@ CRX3 ~ CRX7 

Control Register Bits 3, 4, and 5 are explained in detail in the 
Timer Operating Mode section. Bit 6 is an interrupt mask bit 
which will be explained more fully in conjunction with the 
Status Register, and bit 7 is used to enable the corresponding 
Timer Output. A summary of the control register programming 
modes is shown in Table 3. 


a STATUS REGISTER/INTERRUPT FLAGS 

The HD6840 has an internal Read-Only Status Register 
which contains four Interrupt Flags. (The remaining four bits of 
the register are not used, and default to “0’’s when being read.) 
Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, respectively, 
as individual flag bits, while Bit 7 is a Composite Interrupt Flag. 
This flag bit will be asserted if any of the individual flag bits is 
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Table 2 Contro! Register Bits 






“0” All timers allowed to operate 
“1” All timers held in preset state 
















CRX3 CRX4 CRX5 


* Control Register for Timer 1, 2, or 3, Bit 1. 


set while Bit 6 of the corresponding Control Register is at a 
logic “1”. The conditions for asserting the Composite Interrupt 
Flag bit can therefore be expressed as: 


INT = 1,°CR16 + I,°CR26 + I;°CR36 


where INT =Composite Interrupt Flag (Bit 7) 
1, = Timer #1 Interrupt Flag (Bit 0) 
I, = Timer #2 Interrupt Flag (Bit 1) 
13 = Timer #3 Interrupt Flag (Bit 2) 


STATUS REGISTER 
[7 |6|s}4{3}2|1) 0 
WTA Ts) 


An interrupt flag is cleared by a Timer Reset condition, ie., 
External RES = “Low” or Internal Reset Bit (CR10) = “1”. It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while the 
interrupt flag was set. This condition on the Read Status 
Register — Read Timer Counter (RS—RT) sequence is designed 
to prevent missing interrupts which might occur after the status 
register is read, but prior to reading the Timer Counter. 

An Individual Interrupt Flag is also cleared by a Write Timer 
Latches (W) command or a Counter Initialization (CI) seq- 
uence, provided that W or CI affects the Timer corresponding to 
the individual Interrupt Flag. 


® COUNTER LATCH INITIALIZATION 

Each of the three independent timers consists of a 16-bit 
addressable counter and 16 bits of addressable latches. The 
counters are preset to the binary numbers stored in the latches. 
Counter initialization results in the transfer of the latch con- 
tents to the counter. See notes in Table 5 regarding the binary 
number N, L, or M placed into the Latches and their relation- 
ship to the output waveforms and counter Time-Outs. 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register (MSB Buffer Register) is 
provided. This ‘‘write only” register is for the Most Significant 


CONTROL REGISTER #1 CONTROL REGISTER #2 CONTROL REGISTER #3 
| crio | Internal Reset Bit | R20 | Control Register Address Bit | cso. | Timer #3 Clock Control 


“0” CR #3 may be written 
“1” CR #1 may be written 


Timer #X Clock Source 
TX uses external clock source on CX input 
TX uses Enable clock 
Timer #X Counting Mode Control 
TX configured for normal (16-bit) counting mode 
TX configured for dua! 8-bit counting mode 
Timer #X Interrupt Enable 

Interrupt Flag masked on 1RO 
Interrupt Flag enabled to TRA 
Timer #X Counter Output Enable 
TX Output masked on output OX 
TX Output enabled on output OX 









"0" T3 Clock is not prescaled 
“1'' T3 Clock is prescaled by + 8 






























Byte of the desired latch data, Three addresses are provided for 
the MSB Buffer Register (as indicated in Table 1), but they all 
lead to the same Buffer. Data from the MSB Buffer will auto- 
matically be transferred into the Most Significant Byte of Timer 
#X when a Write Timer #X Latches Command is performed. So 
it can be seen that the HD6840 has been designed to allow trans- 
fer of two bytes of data into the counter latches provided that 
the MSB is transferred first. 

In many applications, the source of the data will be as 
HMCS6800 MPU. It should be noted that the 16-bit store opera- 
tions of the HMCS6800 microprocessors (STS and STX etc.) 
transfer data in the order required by the PTM. A Store Index 
Register Instruction, for example, results in the MSB of the X 
register being transferred to the selected address, then the LSB 
of the X register being written into the next higher location. 
Thus, either the index register or stack pointer may be trans- 
fered directly into a selected counter latch with a single instruc- 
tion. 

A logic “Low” at the RES input also initializes the counter 
latches. In this case, all latches will assume a maximum count of 
(65,536),9. It is important to note that an Internal Reset (Bit 0 
of Control Register 1 Set) has no effect on the counter latches. 


= COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the Indi- 
vidual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition (RES = 
“Low” or CRIO = “1”) is recognized. It can also occur -- 
depending on Timer Mode — with a Write Timer Latches com- 
mand or recognition of a negative transition of the Gate input. 

Counter recycling or re-initialization occurs when a negative 
transition of the clock input is recognized after the counter has 
reached an all-zero state. In this case, data is transferred from 
the Latches to the Counter. 


= TIMER OPERATING MODES 

The HD6840 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by using three 
bits of each control register (CRX3, CRX4, and CRX5) to 
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defined different operating modes of the Timers. These modes 
are divided into Wave Synthesis and Wave Measurement modes, 
.and outlined in Table 4. 


Table 4 Operating Modes 


Contro! Register 
| CRX4 | Timer Operating Mode 


AN | 
Fo [Continuous [Wave 
[| Freaieney Comparison wave 
[=| Pulte With Comparison | Mesturement 


* Defines Additional Timer Functions. 












One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation. 


Either symmetrical or variable duty-cycle waves can be gen- 
erated in this mode. The other wave synthesis mode, the Single- 
Shot mode, is similar in use to the Continuous operating mode, 
however, a single pulse is generated, with a programmable preset 
width. 

The WAVE MEASUREMENT modes include the Frequency 
Comparison and Pulse Width Comparison modes which are used 
to measure cyclic and singular pulse widths, respectively. 

In addition to the four timer modes in Table 4, the remaining 
control register bit is used to modify counter initialization and 
enabling or interrupt conditions. 


® WAVE SYNTHESIS MODES 


@ Continuous Operating Mode (Table 5) 
The continuous mode will synthesize a continuous wave with 


Table 3 Control Register Programming 







Register 1 
All Timers Operate 
All Timers Preset 







[7 ]6 [6 [4[3]2][3 Jo) 
EXESEIEIEI ESTER 


“qe 


[716 /5[4]3}2]1]0) “| External Clock (CX Input) 
Ix[ x [x] x] x] x] ¢ |x| “1''| internal Clock (Enable) 
7/6/s]4{3{2]{ 1/0 ol Normal (16-Bit) Count Mode 
Ix] x|x[x[x]t]x]x] “1"]Dual 8-Bit Count Mode 


Register 2 
Reg #3 May Be Written 
Reg #1 May Be Written 





Register 3 
T3 Clk +1 
T3 Clk +8 






7 
[el lelat eels Continuous Operating Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 
7 


t 
x] t 
x X|¢ 
[71}6/5]4/3]2/1]0| 
x} x]o}o]t} x] x} x 


Frequency Comparison Mode: Interrupt if Gate 7-4 is < Counter Time Out 


Fees a Continuous Operating Mode: Gate | or Reset Causes Counter Initialization 


[7{6]s{4{3l2{ijo 
x} xfol 4 [1] x] x] x] 


[7/6{5|4|3|2]1 [0] 
[11x] 4 Joo} x] x] x| 





DEE 
7 


Pulse Width Comparison Mode: Interrupt if Gate | is < Counter Time Out 
Single Shot Mode: Gate | or Write to Latches or Reset Causes Counter initialization 
Frequency Comparison Mode: Interrupt If Gate tJ tis > Counter Time Out 


Single Shot Mode: Gate | or Reset Causes Counter Initialization 


Seep lee Pulse Width Comparison Mode: Interrupt If Gate 1__} is > Counter Time Out 
a 


[7]}6/5}4/3}2] 1/0) “O’'| interrupt Flag Masked (TRG) 
Xx] $] x1 xX] xX] Xx] x] xX] a Interrupt Flag Enabled (IRQ) 


ESTE IS eS 2 eee 
LT x] x] xT x] x] x] x! “1"| Timer Output Enable 


(NOTE) Reset is Hardware or Software Reset (RES = “Low” or CR10 = 1"). 
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a period proportional to the preset number in the particular 
timer latches. 

Any of the timers in the PTM may be programmed to 
operate in a continuous mode by writing “‘0”s into bits 3 and 5 
of the corresponding control register. Assuming that the timer 
output is enabled (CRX7 = “1”), either a square wave or a vari- 
able duty cycle waveform will be generated at the Timer 
Output, OX. The type of output is selected via Control Register 
Bit 2. 

Either a Timer Reset (CRIO = “1” or External RES = 
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“Low”) condition or internal recognition of a negative tran- 
sition of the Gate input results in Counter Initialization. A Write 
Timer Latches command can be selected as a Counter Initiali- 
zation signal by clearing CRX4. 

The counter is enabled by an absence of a Timer Reset con- 
dition and a “Low” level at the Gate input. In the 16-bit mode, 
the counter will decrement on the first clock cycle during or 
after the counter initialization cycle. It continues to decrement 
on each clock signal so long as G remains “Low” and no reset 
condition exists. A Counter Time Out (the first clock after all 


Table 5 Continuous Operating Modes 


CONTINUOUS MODE 
(CRX3 = “0”, CRX5 = 0") 


Initialization/Output Waveforms 
*Timer Output (OX) (CRX7 = “‘1") 


am + nT ten + 1107) epee + erie 
Gi+W+R 


—Vor 


GL+W+R 


fm (0 + 10M + 107) ee (+ 1M + CT 


Ga ie a ee 
Vou 


cre 

= | | 
es Sy et eee see 
aan 


cae 


Gy = Negative transition of Gate input. 
W =Write Timer Latches Command, 


1 (LT) em (UT) 
TO TO 


R= Timer Reset (CR10 = ‘1 or External RES = “‘Low’’) 


N = 16-Bit Number in Counter Latch. 

L. = 8-Bit Number in LSB Counter Latch. 

M = 8-Bit Number in MSB Counter Latch. 

T = Clock Input Negative Transitions to Counter. 
t, = Counter Initialization Cycle. 

TO= Counter Time Out (All Zero Condition). 


* All time intervals shown above assume the Gate (G) and Clock (C) signals are synchronized to Enable 
(System ¢, ) with the specified setup and hold time requirements. 
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Control Register Bits 


CRX7 Timer #X Counter Output Enable 
QO TX Output masked on output OX 
1 TX Output enabled on output OX 


Timer #X Interrupt Enable 
Interrupt Flag masked on IRG 
Interrupt Flag enabled to IRQ 


Timer #X Counter Mode and Interrupt Control (See Table 3) 
Control Register x 7}e{s]a{a]2]1]o| X=1,20r3 


Timer #x Counting Mode Control 
TX configured for normal (16-bit) counting mode 
TX configured for dual 8-bit counting mode 





Timer #X Clock Source 


TX uses external clock source on CX input 
TX uses Enable clock 


CR10 Internal Reset Bit CR20 Control Register Address Bit CR30 Timer #3 Clock Control 
0 All timers allowed to operate O CR#3 may be written 0 T3 Clock is not prescaled 
1 All timers heid in preset state 1 CR#1 may be written 1 T3 Clock is prescaled by +8 
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Example: Contents of MSB =03=M 
Contents of LSB =04=L 





16 Enables 


E 
(System ¢, ) 








5 Enable 
Pulses 


5 Enable 
Pulses 


( 
( 
{ 
| 
| 
i] 
| 
1 
‘ 
| 
| 
i 
| 
| 
| 
! 


|» 


(M +1) (L +1) = Period 
M(L +1) +1 = “Low” portion of period 
L = Pulse width 


M(L+1)+1 
Algebraic Expression 
03(04+1)+1= 


4+ LL — oror— 1+ L —M oo 
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*Time 
Out 


t 












? 1+ Lb —n oe L 

1 5 Enable ' 4 Enable 

; Pulses 7 Pulses 

oa SSS 1 

a 5 Enable 

i} 1 | Pulses 

1 t 1 ' 

, ‘ ' i 

1)(L+1) a 

! 

1 I ' 1 

ae a 
i} 

> eo! —! 


Algebraic Expression 
(04 + 1) (03 + 1) = 20 Enable or 
External Clock Puises 


* Preset LSB and MSB to Respective Latches on the negative transition of the E. 
** Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the E. 


Figure9 Timer Output Waveform Example 
(Continuous Dual 8-Bit Mode using Internal Enable) 


counter bits = “0”) results in the Individual Interrupt Flag being 
set and re-initialization of the counter. 

In the dual 8-bit mode (CRX2= “1”) [Refer to the example 
in Fig. 9] the MSB decrements once for every full countdown 
of the LSB + 1. When the LSB =“‘0”,, the MSB is unchanged; on 
the next clock pulse the LSB is reset to the count in the LSB 
Latches and the MSB is decremented by 1 (one). The output, if 
enabled, remains “Low” during and after initialization and will 
remain “Low” until the counter MSB is all “‘0”s. The output 
will go “High” at the beginning of the next clock pulse. The 
output remains “High” until both the LSB and MSB of the 
counter are all “O”s. At the beginning of the next clock pulse 
the defined Time Out (TO) will occur and the output will go 
“Low’’. In the Dual 8-bit mode the period of the output of the 
example in Fig. 9 would span 20 clock pulses as opposed to 
the 1546 clock pulses using the Normal 16-bit mode. 

A special time-out condition exists for the dual 8-bit mode 
(CRX2 = “1”) if L= “0”. In this case, the counter will revert to 
a mode similar to the single 16-bit mode, except Time Out 
occurs after M+1 clock pulses. The output, if enabled, goes 
“Low” during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical (is re-initialized 
at each Time Out) and the Individual Interrupt Flag is set when 
Time Out occurs. If M = L = “0”, the internal counters do not 
change, but the output toggles at a rate of 1/2 the clock fre- 
quency. 

The discussion of the Continuous Mode has assumed that the 
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application requires an output signal. It should be noted that 
the Timer operates in the same manner with the output disabled 
(CRX7 = “Q”). A Read Timer Counter command is valid re- 
gardless of the state of CRX7. 

®@ Single-Shot Timer Mode 

This mode is identical to the Continuous Mode with three 
exceptions. The first of these is obvious from the name — the 
output returns to a “Low” level after the initial Time Out and 
remains “Low” until another Counter Initialization cycle 
occurs. The waveforms available are shown in Table 6. 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of the 
counter results in the setting of an Individual Interrupt Flag and 
re-initialization of the counter. 

The second major difference between the Single-Shot and 
Continuous modes is that the internal counter enable is not 
dependent on the Gate input level remaining in the “Low” state 
for the Single-Shot mode. 

Another special condition is introduced in the Single-Shot 
mode. If L = M = “0” (Dual 8-bit) or N = “0” (Single 16-bit), the 
output goes “Low” on the first clock received during or after 
Counter Initialization. The output remains “Low” until the 
Operating Mode is changed or nonzero data is written into the 
Counter Latches. Time Outs continue to occur at the end of 
each clock period. 

The three differences between Single-Shot and Continuous 
Timer Modes can be summarized as attributes of the Single-Shot 
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mode: 
1, Output is enabled for only one pulse until it is reini- 
tialized. 


2. Counter Enable is independent of Gate. 
3. L=M=“0” or N= “0” disables output. 
Aside from these differences, the two modes are identical. 


Table 6 Single-Shot Operating Modes 


Single-Shot Mode 
(CRX3 = “0", CRX7 = “1", CRX5 = 1") 


Control Register Initialization/Output Waveforms 


po ft | aR 
pf fe 


(N+1)(T) (N+1)(T) 
ke (ND (T) 


to To TO 


(L+1)(M+1)(T) (L+1)(M+1)(T) 
>| (LT) 


Tienes OES Eeeemeeee 


to TO To 





Symbols are as defined in Table 5. 


m Wave Measurement Modes 

The Wave Measurement Modes are the Frequency (period) 
Measurement and Pulse Width Comparison Modes, and are pro- 
vided for those applications which require more flexibility of 
interrupt generation and Counter Initialization. Individual Inter- 
rupt Flags are set in these modes as a function of both Counter 
Time Out and transitions of the Gate input. Counter Initializa- 
tion is also affected by Interrupt Flag status. 

A timer’s output is normally not used in a Wave Measure- 
ment mode, but it is defined. If the output is enabled, it will 


operate as follows. During the period between reinitialization of 
the timer and the first Time Out, the output will be a logical 
zero. If the first Time Out is completed (regardless of its 
method of generation), the output will go “High’’. If further 
TO’s occur, the output will change state at each completion of a 
Time-Out. 

The counter does operate in either Single 16-bit or Dual 8-bit 
modes as programmed by CRX2. Other features of the Wave 
Measurement Modes are outlined in Table 7. 


Table 7 Wave Measurement Modes 





Application 


Frequency Comparison Interrupt Generated if Gate Input Period (1/F) is less 
than Counter Time Out (TO) 





Condition for Setting Individual Interrupt Flag 






Frequency Comparison interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 


Interrupt Generated if Gate Input ‘‘Down Time’”’ is less 
than Counter Time Out (TO) 


Interrupt Generated if Gate Input ‘Down Time” is greater 






Pee Fl Pulse Width Comparison 
re ee Pulse Width Comparison 


®@ Frequency Comparison or Period Measurement Mode (CRX3 

= 1", CRX4= “0") 

The Frequency Comparison Mode with CRX5 = “1” is 
straightforward. If Time Out occurs prior to the first negative 
transition of the Gate input after a Counter Initialization cycle, 
an Individual Interrupt Flag is set. The counter is disabled, and a 
Counter Initialization cycle cannot begin until the interrupt flag 
is cleared and a negative transition on G is detected. 

If CRX5 = “0”, as shown in Table 7 and Table 8, an inter- 
rupt is generated if Gate input returns “Low” prior to a Time 
Out. If Counter Time-Out occurs first, the counter is recycled 
and continues to decrement. A bit is set within the timer on the 
initial Time Out which precludes further individual interrupt 
generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition of 
the Gate input starts a new Counter Initialization cycle. (The 
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than Counter Time Out (TO) 






condition of G\°I°TO is satisfied, since a Time Out has oc- 
curred and no individual Interrupt has been generated.) 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after cal- 
culations) at the Gate input with the time period requested for 
Counter Time-Out. A negative transition of the Gate input 
enables the counter and starts a Counter Initialization cycle — 
provided that other conditions as noted in Table 8 are satisfied. 
The counter decrements on each clock signal recognized during 
or after Counter Initialization until an Interrupt is generated, a 
Write Timer Latches command is issued, or a Timer Reset con- 
dition occurs. It can be seen from Table 8 that an interrupt 
condition will be generated if CRX5 = “0” and the period of the 
pulse (single pulse or measured separately repetitive pulses) at 
the Gate input is less than the Counter Time Out period. If 
CRX5 = “1”, an interrupt is generated if the reverse is true. 
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Assume now with CRX5 = “1” that a Counter Initialization 
has occurred and that the Gate input has returned “Low” prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter Initiali- 
zation Cycle. The process will continue with frequency com- 
parison being performed on each Gate input cycle until the 
mode is changed, or a cycle is determined to be above the 
predetermined limit. 


@ Pulse Width Comparison Mode (CRX3 = “1”, CRX4 =''1") 
This mode is similar to the Frequency Comparison Mode 
except for a positive, rather than negative, transition of the Gate 
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input terminates the count. With CRX5 = “0”, an Individual 
Interrupt Flag will be generated if the “Low” level pulse applied 
to the Gate input is less than the time period required for 
Counter Time Out. With CRX5 = “1”, the interrupt is generated 
when the reverse condition is true. 

As can be seen in Table 9, a positive transition of the Gate 
input disables the counter. With CRX5 = “0”, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 


Table 8 Frequency Comparison Mode 








| represents the interrupt for a given timer. 


CRX3 = "1", CRX4 = “0” 


Control Reg Counter Counter Enable 

Bit 5 (CRX5) Initialization Flip-Flop Set (CE) 
Gi'T- (CE+TO)+R GiewR-T 

ee 









Counter Enable inating? Flag 
Flip-Flop Reset (CE) Set (1) 






Table 9 Pulse Width Comparison Mode 









ee 


G = Level sensitive recognition of Gate input. 





CRX3 = "1", 


Control Reg Counter Counter Enable Counter Enable Interrupt Flag 
Bit5 ae Initialization 2 itd Set (CE) << ose Flop Reset (CE) Set are 


CRX4 = "1" 








| weRHHG | | Gt Before TO | Before TO 


W+R+I+G TO Before Gt 
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CMOS PTM (Programmable Timer Module) 


—ADVANCE INFORMATION— 


The HD6340 is a programmable subsystem component of the HD6340P, HD63A40P, HD63B40P 
HMCS6800 family designed to provide variable system time 
intervals. 

The HD6340 has three 16-bit binary counters, three corre- 
sponding control registers and a status register. These counters 
are under software control and may be used to cause system 
interrupts and/or generate output signals. The HD6340 may be 
utilized for such tasks as frequency measurements, event count- 
ing, interval measuring and similar tasks. The device may be 
used for square wave generation, gated delay signals, single 
pulses of controlled duration, and pulse width modulation as 
well as system interrupts. 

Exceeding Low Power dissipation is realized due to adopting 
CMOS process. 


(DP-28) 





a PIN ARRANGEMENT 

@ FEATURES 

@ Operates from a Single 5 Volts Power Supply 

@ Fully TTL Compatible 

@ Single System Clock Required (E) 

@ Selectable Prescaler on Timer 3 Capable of 4 MHz for the 
HD6340, 6 MHz for the HD63A40 and 8 MHz for the 
HD63B40 

@ Programmable Interrupts ((RQ) Output to MPU 

@ Readable Down Counter Indicates Counts to Go until Time- 
Out 

® Selectable Gating for Frequency of Pulse-Width Comparison HD6340 

@ RES Input RES 

@ Three Asynchronous External Clock and Gate/Trigger 
Inputs Internally Synchronized 

@ Three Maskable Outputs 

@ Low-Power, High-Speed, High-Density CMOS 

@ Compatible with NMOS PTM (HD6840) 


s BLOCK DIAGRAM ; 
AW RS RS, RS. CH CS, (System 92) 


se) 
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FDC (Floppy Disk Controller) 


The HD6843 Floppy Disk Controller performs the com- 
plex MPU/Floppy interface function. The FDC was designed to 
optimize the balance between the ‘Hardware/Software” in 
order to achieve integration of all key functions and maintain 
flexibility. 

The FDC can interface a wide range of drives with a 
minimum of external hardware. Multiple drives can be con- 
trolled with the addition of external multiplexing rather than 
additional FDC’s. 


FEATURES 

Format compatible with |BM3740 

User Programmable read/write format 

Ten powerful macro-commands 

Macro End Interrupt allows parallel processing of MPU 

and FDC 

Controls multiple Floppies with external multiplexing 

Direct interface with HMCS6800 

@ Programmable seek and settling times enable operation 
with a wide range of Floppy drives 

@ Offers both Programmed Controlled I/O (PCIO) and 

DMA data transfer mode 

Free-Format read or write 

Single 5-volt power supply 

All registers directly accessible 


Compatible with MC6843 


8 BLOCK DIAGRAM 





Read Data 


Write Data 
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(DC-40) 









HD6843P, HD68A43P 
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= ABSOLUTE MAXIMUM RATINGS 


T, 


cc" 
Input Voltage i -0.3~ +7.0 Vv 
Operating Temperature -20 ~ +75 °c 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSt damage may occur if maximum 
ratings are exceeded. Normal operation should 
be under recommended operating conditions. {f 
these conditions are exceeded, it could affect 
reliability of LSI. 





@ RECOMMENDED OPERATING CONDITIONS 













Supply Voltage 

Input ‘’High’’ Voltage 
Input ’’Low”’ Voltage 
Operating Temperature 





* With respect to Vsgg (SYSTEM GND) 


a ELECTRICAL CHARACTERISTICS 
© DC CHARACTERISTICS (Vcc=5V+5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


Item Test Condition min. | typ.” | max. 
Input ‘’High’’ Voltage Vin 2.0 - Vee 
~ Input Leakage Current Vin=O~5.25V 


lon =-205uA (Dy~D-) 
lon =-100KA (Others) 


loi =3.2mA (IRQ) 










Output “High’’ Voltage 














Output ‘‘Low”’ Voltage VoL loL=1.6mA (Others) - - 0.4 
Three-state (off-state) Leakage Current Vin =0.4~2.4V | 10 | 
Output Leakage (off-state) 10 


Current ((RG) lLow 


Power Disp ti a 
Do~D 
Vin=0V, T,=25°C, 


Input Capacitance C; 


in ; 
= = o 
= mare [Te 


* Voc = 5V, Ta = 25°C 
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© AC CHARACTERISTICS (Vec=5V15%, Vgg=0V, Ta=-20~+75° C, unless otherwise noted.) 


Item 





; HD6843 HD68A43 
Symbol Test Condition Unit 
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| min. | typ. | max. | min. | typ. | max. | 

CLK Cycle Time | teyec | Figuret = || - [ 10) - | - | 10/ - | os 
CLK Pulse Width, “High” | PW | Figure? = | 4 | - | - | 04 | - | - | os 
CLK Pulse Width, “Low” | PWic__| Figuret =| 0.35 — | - | 0.35| - | - | os 
Rise and Fall Time of CLK |_ ter ter_| Figuet = || — =| - | | - |- | B | os 
DCK Cycle Time | teyeo | Fige2 | 2.6 | 4.0 | | 26 | 40) - | us 
DCK Pulse Width, “High” | PWao | Figue2 | 1.3: [1.95] — | 1.3 | 1.95] - | os 
DCK Pulse Width, “Low” | PMio | Figue2 | 1.3 [1.05] — | 1.3 | 1.98 | bs 
Rise and Fall Time of DCK | tor. tor | Figure2 ss | - | - | 25 | - | - | 2 | os 
ROT Width, “High” | tron | Figwe2 | 4.0 | - | - | 10 | - | - | ws 
RDT Width, “Low” tro. | Figue2 | 10 | - [| — | 100 | - [| - | os 
RDT~DCK Delay Time 1 taoo1 | Figue2 | | 015) — | 1.70 | 015]; — [1.70 | us 
RDT~DCK Delay Time 2 taoo2 | Figue2 | 015] - | 1.70 | 0.15 | - | 1.70 | us 
IDX Pulse Width, “High” PWiox | Figures | 200] —- | - | 200/| - | - | as 
FIR Delay Time teino | Figuea ss | - [| - [450 | —- | - | 480 | ns 
FIR Pulse Width, “High” PWein | Figurea | 200 | — | - | 200 | - | - | os 
WDT Pulse Width, “High” PWwo | Figure? = | — | 1.0 | - | - [10] - | os 
WDT Cycle Time teyew | Figue7 ss || — | 20 | — | - [| 20) - | os 
STP Pulse Width, “High” PWstp | FigureS | — =| 32 | - | - | 32] - | os 
STP Cycle Time tees" | FigweS | ot | = | 18 | ot | - | 18 | om 
HLD Delay Time (HLD~STP) | tino” | FigureS | 1 | - | 15 | 1 | - | 15 | ms 
HOR Set Up Time | _tuons | FigureS =| OO | - | - | Of] - | = | 
HDR Hold Time | tuonn | FieS | 32] - | - | 32 | - | - | os 
TxAK Set Up Time | tass | Figureto,11 | 140 | - | - | 140 | - | - J os 
TxAK Hold Time | tana | Figureto,11 | 10 | - | - | 10 | - | - [ 1 
TxRQ Release Time tra __| Figureto,11_ || ~~ | - [450 | - | - | 240 | os 
RO Release Time tir | Fie ET - P-L t? | - P K- e s 
“ Cycle Time of STP and HLD Delay Time change according to the program. 
@ BUS TIMING CHARACTERISTICS (Voc =5V+5%, Vgg =OV, Ta=-20~+75°C, unless otherwise noted.) 
1 READ OPERATION SEQUENCE 

tn _simot | texconaion [aa mab a [| OM 
Enable Oyele Time tone | Fores 10-10] - | - [ose] -| - | m 
Enable Pulse Wiath, “High” | PWen | Figues.10___| 4 | - | - | 023} - | — | ms 
Enable Pulse Width, “Low” PWer | 023; - | - | os 
sae [we P= [= [=| 
Address Set Up Time tas | Figures, 10 | 140 | - | - [ 140 | - | - | ns 
Data Delay Time toor | Figure8,10— | — | - | 225 | - | - | 200 | aad 
Data Access Time tacc__| Figure8,10 || - | - | 365 | - | - [340 | ns 
Data Hold Time ty | Figures,10 | to | - | - | 10 [ - | - | os 
Address Hold Time tan | Figure8,10 | 10 | - | = | 10 | - | = | as 
Bus Direction Delay Time toso | Figure8, 10 | - | - [400 | - | - [400 | ns 
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2 WRITE OPERATION SEQUENCE 


It Symbol Test Conditi Abeer eee Unit 
em ymbo ondition - ni 
min. | typ. | max. | min. | typ. | max._| 


Enable Cycle Time teyce. Figure 9,11 = us 
Enable Pulse Width, ‘‘High” PWex oe ee ee ne us 
Enable Pulse Width, ‘‘Low’’ PWec eset ei) ee us 
Serial aie Time of ter, tes Figure 9, 11 ie ns 
Address Set Up Time tas Figure 9, 11 | 140 | | - | 40 { - | - | ns 
Data Set Up Time “psn Figure 9, 11 | 100 | — | a ate Wee! ns 
Data Hold Time Figure 9, 11 Soe - | - ns 














CLK 





teycc 


Figure 1 CLK Waveform 





tor =i tot 
PW. p————_e 
2.0V =e 2.0V 
a 0.8V 0.8V 
2.0V 2.0V 
RDT (| ) \ ) 
0.8V 0.8V | 
tRpD1 = |'trRpD2 tRpp1 | tROD2 
tRoH. tRoL | ‘ROH ROCs 
Figure 2 DCK, RDT Timing 
2.0V 
IDX 


PWipx 


Figure 3 IDX Waveform 
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FIR 





Figure 4 FIR Timing 








2.4V 

HDR 
STP 
HLD 

Figure 5 Seek Operation Sequence 

Reading of STRB 
E 
Reading of ISR 
tir- 
2.4V 

IRQ 


Figure 6 IRQ Release Timing 


WDT 





Figure 7 WDT Waveform 
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teycE 
E 
0.8V 
cs 
RS,~RS, 
R/W 
D,~0, 
(Output) 
2.4V 
BD 
Figure 8 Read Timing 
teycE 
PWe L PWeEH 
E 
2.0V 
/ 
0.8V 0.8V 0.8V 
t te¢ 
cs Er 


R/W tosw 
0.8V 


ose ) 0.8v 
(Input) topo 


BD 
0.4V 


Figure 9 Write Timing 


626 @ HITACHI 





HD6843,HD68A43 








teycE 
PWeL PWen 
. 2.0V 
0.8V 0.8V 
te¢ 
2.0V 
TxAK 
taH3 
t 
R/W 0.8V 
tH 
2.4V 2.4V 
)) 
D,~D, 0.4V 0.4V 
(Output) 
2.4V 
BD 
TxROQ 
0.4V 
Figure 10 DMA Read Timing 
teycE 
PWe, PWeH 
2.0V 2.0V 
E V \i 
0.8V 0.8V 0.8V 
ter ww tet 
2.0V 2.0V 
TxAK 
| taH3 
2.0V I 2.0V 
: taH 
R/W | : 
H 
0,~D 
(input). toBo 0.8V 
BD 
0.4V 
TxRQ tT 
\) 


0.4V 


Figure 11 DMA Write Timing 
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LOAD A (Except IRQ) LOAD B (IRQ) 
5.0V 
Ry =2.4k2 
Test 
Point 
Test 
Point 
R Cc 
R = 12k, C = 130pF (D,~D,) 
R = 24k, C = 30 pF 
( Outputs except IRQ, 0,~D,) 
All diodes are 182074 ()or equivaient. 
Figure 12 Load Circuit 
Veo — 
Vss —_—— 
RES ——> 
RG <4 52 
TxRQ Se INSTRUCTION 
92 DECODER 
TxAK wS Ee & 
SEQUENCE 
CONTROL 
D, 
xc 
D, ui 
x COUNTER 
oO, 3 
a 
O, 
$ 
0, o 
D, < 
D, q 
(a) 
OD, 
DOR DOSR 
(8) (8) od 
RS 5 CCR CRC el] 
0 uy 7 (2) Gener/Check 
RS, ye 
RS Gb “a 
a e DIR 
E re 
oc 
BD 
Figure 13 Block Diagram of the FDC 
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100pF 





5.0V 


R.=2.4k2 








Ea 
Fe ee ey 
——— ce 


i 
VFOC 
Gener 


CLK 


STP 


LCT 


IDX 
TR2Z 
WPT 
ROY 


FIR 
HDR 
HLD 


WGT 


VFOC 
WOT 
DCK 
ROT 





® GENERAL DESCRIPTION 

The HD6843 FDC consists of four primary sections; the 
Register, Serializing, Bus Interface, and Control sections. The 
following explanation of these sections can be followed in the 
block diagram of Figure 13. 


@ Register Section 

The register section consists of twelve user accessible registers 
used for controlling a floppy disk drive. All twelve are 
connected by the internal data bus to allow the processor access 
to them. 


Data Output Register (DOR) 

The DOR is an 8-bit register which holds the data to be 
written onto the disk. The information is stored here by the bus 
interface. 


Data Input Register (DIR) 
The data words read from the disk are stored in the 8-bit 
DIR until read by the bus interface. 


Current Track Address Register (CTAR) 
CTAR is a 8-bit register containing the address of the track 
over which the R/W head is currently positioned. 


Command Register (CMR) 
The macro commands are written to the 8-bit CMR to begin 
their execution. 


Interrupt Status Register (ISR) 
The four bits of the ISR represent the four conditions that 
can cause an interrupt to occur. 


Set-Up Register (SUR) 

Variable Seek and Settling times are programmed by the 
SUR: Four bits are used to program the track to track seek time 
and four bits are used to program the head settling time for the 
floppy disk drive used with the FDC. 


Status Register A (STRA) 
The eight bits of STRA are used to indicate the state of the 
floppy disk interface. 


Sector Address Register (SAR) 
SAR contains the five bit sector address associated with the 
current data transfer. 


Status Register B (STRB) 

The eight error flags of STRB are used to signify error 
conditions detected by the FDC or generated by the floppy disk 
drive. 


General Count Register (GCR) 

The seven bits of GCR contain the destination track address 
when a SEK (seek) macro command is being executed. If a 
multi-sector Read or Write macro command is being executed, 
GCR contains the number of sectors to be read or written. 


CRC Control Register (CCR) 
The two bits of the CCR are used to enable the CRC and 
shift the CRC for the Free Format Commands. 


Logical Track Address Register (LTAR) 
The seven bit track address used for read and write 
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operations is stored in the LTAR by the bus interface. 


@ Serializing Section 

The serializing section handles the serial-to-parallel and 
parallel-to-serial conversions for Read/Write operations as well 
as CRC generation/checking and the generation/detection of the 
clock pattern. The Data Output Shift Register (DOSR), Data 
Input Shift Register (DISR), CRC Generator/Checker, and 
Clock Shift Register (CSR) comprise the serializing section of 
the FDC. 


© Bus Interface 

The Bus Interface section provides the timing and control 
logic that allows the FDC to operate with the 6800 bus, and is 
comprised of the Data Buffers. Request Control, and the 
Register Select circuitry. 


@ Control 

The internal timing and control signals which sequence the 
FDC are derived from the macro instructions by the control 
section. 


= HD6843 PIN DESCRIPTION 


@ Power Pins 
Vcc: +5 volt (£5%) power input. 
Vss : Power Supply Ground. 


@ Bus Pins 


Reset (RES) input a 

The RES input is used to initialize the FDC. When RES 
becomes “Low”, the state of the outputs is defined by the table 
below: 


State of Output State of Output 





Registers which are affected by RES are shown in Table 7. 


Interrupt Request (1RQ) Output 

The TRQ line is an open drain output that becomes a “Low” 
level (logic “O”) when the FDC requests an interrupt. Interrupt 
requests are controlled by the interrupt enables in CMR 
(Command Register) with the function causing the interrupt 
shown in ISR (Interrupt Status Register). 


Data Bus 0~Data Bus 7 (D. ~D-) Bidirectional 

The 8 bidirectional data lines allow the transfer of data 
between the FDC and the controlling system. The output 
buffers are three-state drivers that are enabled when the FDC is 
transferring data to the data bus. 


Enable (E) Input 
The E input to the FDC causes data transfers to occur 
between the FDC and the system controlling the FDC 


@ HITACHI 629 


HD6843,HD68A43 


(HMCS6800 MPU, DMA Controller, etc.) E must be a logic “1” 
(“High” level) for any transfer to be enabled on Do~D7. The E 
input is normally connected to system ¢2. 


Chip Select (CS) Input 

The CS input in conjunction with the E input, is used to 
enable data transfers on Do~D,. E must be a “High” level and 
ES must be a “Low” level (logic “0”) to enable the transfer. 
The TxAK input being a “High” level (logic “1”) performs a 
similar function as CS being a ‘“‘Low” level. 


Read/Write (R/W) Input 

The R/W input is issued by the system controlling the FDC 
(HMCS6800 MPU, DMA Controller, etc.) to signify if a read or 
write operation is to be performed on the FDC. When TxAK is a 
“Low” level, R/W is used in conjunction with CS and RSy~RS, 
to determine which register is accessed by the bus as shown in 
Table 1. When TxAK is a “High” level, R/W is used to select 
either the DOR or DIR to the data bus (see description of 
TxAK input). 


Register Select O~Register Select 2 (RS)~RS2} Input 

RS o~RS,, in conjunction with the R/W input, are used 
to select one of the user accessible registers in the FDC as 
shown in Table 1. 


Transfer Request (TxRQ) Output 

TxRQ is used in the DMA mode to request a data transfer 
from the DMAC. TxRQ is a “High” level if the FDC is in the 
DMA mode (CMR bit 5 is set) when a data transfer request 
occurs (STRA bit 0 is set). It is reset to a “Low” level (logic 
“Q”) when TxAK becomes a “High” level (logic “1”). Data 
transfer errors will occur if TxAK does not reset TxRQ before 
the next data transfer is required. 


Transfer Acknowledge (TxAK) Input 

TxAK is generated by the system controlling the FDC 
(HMCS6800 MPU, DMA Controller, etc.) and is a response to a 
TxRQ issued by the FDC. A “High” level (logic “*1”’) on TxAK 





causes the FDC to neglect the state of RSp~RS, causing the 
FDC to select the DOR (Data Output Register) or DIR (Data 
Input Register) to the data bus (Dp~D;) as shown in Table 2. 
CS = “0” and TxAK = “1” cannot be permitted at the same 
time. : 


Table 2 Register Selection for DMA Transfers 





OME seces “High”, “O" ..... “Low” 


This mode of operation is normally used for DMA (Direct 
Memory Access) transfer with the FDC. 

When TxAK is a “Low” level the registers are selected by CS, 
R/W and RS ~RS, as shown in Table 1. 


® Bus Direction (BD) Output 

The BD output is provided to control external bidirectional 
buffers on the data bus (Dp~D-,) as shown in Figure 14. Its 
polarity is shown by Table 3. 


Table 3 Bus Direction (BD) States 





eee’ eind “High”, "or" ae “Low” 
(Operation of BD as defined by this chart allows the FDC to function 
with the DMA Controller HD6844.) 


Table 1 Address Codes for User Accessible Registers 


















































TxAK cs RS2 RS; RSo R/W Registers 
0 0 0 0 0 0) DOR (Data Output Register) 
olf L [2a zi DIR (Data Input Register) 
(0) sall 0 ok 0 0 [ 1 1/0 CTAR (Current Track Address Register) 
0 0 0 1 0 0 |___CMR (Command Register) 
Jp [ [ 1 ISR (Interrupt Status Register) 
; : 0 [sur (Set Up Register) 
foe 1 STRA (Status Regiser A) 
0 >A 0 1 j 0 0 | oOo | SAR (Sector Address Register) 
: 1 STRB (Status Register B) 
0 0 L 1 0 1 fe) GCR (General Count Register) 
0 0 1 _ 1 0 0 CCR (CRC Control Register) 
0 0 1 1 1 0 LTAR (Logical Track Address Register) 


CONE, ease High", 0"... “Low” 


630 @ HITACHI 


MPU 


HD268T 26 


HD6843,HD68A43 





Enable 


Figure 14 Bus Buffer Control 


@ 1/O and Control Pins 


Head Load (HLD) Output 

HLD is used to notify the disk drive that the R/W head 
should be loaded (placed in contact with the media). When the 
FDC is ready for the head to load, HLD is a “‘High” level (logic 
“1"). A “Low” level (logic “O”) HLD indicates the head should 
be unloaded. 


Step (STP) Output 

The STP output, in conjunction with HDR, is used to control 
head movement. A 32 us wide positive (logic “1”) pulse is 
generated on STP, to move the R/W head one track in the 
direction defined by the HDR output. The period of the STP 
signal is programmable by the SUR (Set-Up Register). The 
number of pulses generated on STP is the difference between 
the contents of the CTAR (Current Track Address Register), 
and the GCR (General Count Register) which contains the track 
address to which the head is to be moved. 


Head Direction (HDR) Output 

The HDR signal controls the direction of head movement. A 
“High” level (logic “1”) signifies the head should step to the 
inside (toward the hub) of the disk. A “Low” level (logic “0”) 
indicates the direction of head movement should be to the 
outside of the disk. 


Low Current Track (LCT) Output 

The LCT signal is used to control the level of write current 
used by the disk drive. LCT is a “Low” level (logic ‘‘0”) when 
the write head is positioned over tracks O~43. If it is over tracks 
44~76, LCT is a “High” level (logic ‘‘1”). LCT is determined 
from the contents of the Current Track Address Register 
(CTAR). 


Write Gate (WGT) Output 

When a write operation is being performed, WGT is a logic 
1°" (“High” level). For a read operation, WGT is a “Low”’ level 
(logic “O0”°). 


File Inoperable Reset (FIR) Output 

FIR is an output from the FDC to the floppy disk drive to 
reset it from an inoperable status. If the FI input is a “High” 
level, a pulse, of which width almost equals to E pulse “Low” 
width, is generated on the FIR output whenever Status Register 


B is read. 


File Inoperable (F!) Input 

FI is an input to the FDC from the drive. A “High” level 
indicates the drive is in an inoperable state. Its current state can 
be examined by reading bit 5 of Status Register B (STRB). 


Track Zero (TRZ) Input 

The TRZ input is reflected by bit 3 of STRA (Status Register 
A). The TRZ input must be a “High” level (logic ““1’’) when the 
R/W head of the drive is positioned over track zero. A logic “1” 
on this input inhibits step pulses during a Seek Track Zero 
command. 


index (IDX) Input 

The index input is received from the floppy disk drive and is 
used to sense the index hole in the disk media. The IDX signal is 
used to initialize the internal FDC timing. The state of the IDX 
input is reflected by bit 6 of Status Register A (STRA). A 
“High” level (logic ‘‘1”’) is to indicate the index hole is under the 
index sensor. The index input is used to count the number of 
disk revolutions while searching for the address ID field (see 
description of STRB bit 3). 


Ready (RDY) Input 

The ready input is received from the disk drive and can be 
read as bit 2 of STRA (Status Register A). A “High” level (logic 
1”) indicates the drive is ready and allows the FDC to operate 
the drive. 


Write Protect (WPT) Input 

WPT is an input indicating when the media is Write 
Protected. A “‘High” level during an FDC write operation results 
in a Write Error (STRB bit 6) but the FDC continues to perform 
the write function. The state of the WPT input can be read by 
examining bit 4 of the Status Register A (STRA). 


Clock (CLK) Input 

The CLK input is used to generate various timing sequences 
internal to the FDC. The head settling, seek time, step pulse 
width and write data pulse width, etc., are generated from the 
CLK input signal. The CLK is 1 MHz frequency and the duty is 
50%. 


@ HITACHI 631 





HD6843,HD68A43 
@ Data Pins 


Data Clock (DCK) Input 
DCK is used to clock data from the drive into the FDC. It is 
generated from the read data received from the drive. 


Read Data (RDT) input 
RDT is the serial data input from the drive. The data stream 
includes both the clock and data bits. 


Write Data (WOT) Output 

WDT is the double frequency modulated data output from 
the FDC. The time between clock bits is 4/f where f is the 
frequency of the clock input. The pulse width for both clock 
and data is 1/f (see Figure 15). For the normal clock frequency 
of 1 MHz the clock period is 4 us, the clock pulse width is 1 us 
and the data pulse width is 1 us. Figure 15 shows the 
relationship between the WDT output and the frequency of the 
CLK inputs. 


Variable Frequency Oscillator Control (VFOC) Output 
VFOC is used as a sync signal during system diagnostics. 
Waveforms are shown in Figure 16. 


SSR, RCR, MSR Command 


IDX 


V 


Disk Data | G, of c, | ID 6; _| Data G, | ID G, 


“High” 








Clock Data Clock Data 


f = Frequency of the CLK Input. To insure [BM3740 
compatibility the clock frequency must be 1 MHz. 


Figure 15 WDT Output Timing 


= FORMAT 


The format used by the HD6843, shown in Figure 18, is 
compatible with the soft sector format of the IBM3740. 


= MACRO COMMAND SET 


The macro command set shown in Table 4 is discussed in the 
following paragraphs. 





IDX 


Disk Data 





tn FFW Command, VFOC becomes “High” when WGT is at “High” level. 
In FFR Command, VFOC remains “High”. 


Figure 16 Variable Frequency Oscillator Control Waveform 
(Relation Between WGT and VFOC) 
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SSW, SWD and MSW commands (Single Sector Write, Single Sector Write with Delet Data Mark, and Multi-Sector Write) 





(1) 1.0 us (typ) (2) 0 ys (min) 
0.7 us (min) 0.3 ws (max) 
1.3 ws (max) 


Figure 17 Write Data versus Write Gate Timing 


Index | | | | 


Gap 1 Gap 2 
Preamble (Post-tndex) 
Track 46 Bytes 32 Bytes 


Format —— "7 Sector 2 Sector 25 
Sector 1 Sector3 Sector 24 Sector 26777 
Index Gas 5 
Address Mark 274 Bytes 
Data = FC (Pre-Index Gap) 
Clock = D7 
ID 
gti Gap 3 Gap 4 
Data = FE (1D Gap) (Data Gap) 
Clock = C7 17 Bytes 33 Bytes 
Sector 
Format 


Ne Ne ae Ney \eengne 


a 
Address ID Field Data Data CRC 
6 Bytes Address Mark 128 Bytes 2 Bytes Next 1D 

Data=FB or F8 Address Mark 

1 — Track Address ~Gigck = C7 

2 — 00 Byte 

3 — Sector Address 

4— 00 Byte 

5-—CRC 

6 — CRC 


Figure 18 Soft Sector Format 


Table 4 Macro Command Set 
a i a Crier 





CMR Bits Hex 
Macro Co | 

cere rains [ein2 | eet | Biro Code 
1 STZ Seek Track Zero 0 0 1 0 2 
2 SEK Seek 0 0 1 1 3 
3 SSR Single Sector Read 0 1 0 0 4 
4 SSW Single Sector Write 0 1 0 1 5 
5 RCR Read CRC 0 ae ae 0 6 
6 SwD Single Sector Write with Delete Data Mark 0 1 | 4 1 7 
7 MSW Multi Sector Write 1 1 0 1 D 
8 MSR Multi Sector Read 1 1 0 0 i ¢ 
9 FFW Free Format Write 1 0 1 1 i B 
10 FFR Free Format Read 1 0 1 0 A 
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@ Seek Track Zero (STZ) 

The STZ command causes the R/W head to be released from 
the surface of the disk (HLD is reset) and positioned above 
track 00. The FDC issues step pulses on the STP output until 
the TRZ input becomes a “High” level or until 82 pulses have 
been sent to the drive. When the TRZ input becomes “High”, 
the step pulses are inhibited on the STP output but the FDC 
remains busy until all 82 have been generated internally. 

If the TRZ input remains “Low” (logic “0’’) after all 82 
pulses have been generated, the seek error flag (STRB bit 4) is 
set. 

After all 82 pulses have been generated, the head is loaded 
(HLD becomes a “High’’). After the settling time specified in 
the SUR has expired, the Seek Command End flag is set (ISR 
bit 1), Busy STRA7 is reset, CTAR and GCR are cleared. The 
head remains in contact with the disk. A command such as 
RCR (Read CRC) may be issued following a STZ if the head 
must be released. 


@ Seek (SEK) 

The SEK command is used to position the R/W head over the 
track on which a Read/Write operation is to be performed. The 
contents of the GCR are taken as the destination address and 
the content of the CTAR is the source address; therefore, the 
number of pulses (N) on the STP output are given by: 

N = |(CTAR) — (GCR)| 
HDR is a “High” for (GCR) > (CTAR) otherwise it is a “Low”. 

When a SEK command is issued, Busy is set, the head is 
raised from the disk, HDR is set as described above, and N 
number of pulses appear on the STP output. After the last step 
pulse is used, the head is placed in contact with the disk. Once 
the head settling time has expired, the Seek Command End flag 
(ISR bit 1) is set, Busy is reset, and the contents of the GCR are 
transferred to the CTAR. 


@ SINGLE SECTOR READ/WRITE COMMANDS 

The single sector Read/Write commands (SSR, RCR, SSW, 
and SWD) are used to Read/Write data from a single 128 byte 
sector on the disk. As shown in Figure 19 these types of 
instructions can be divided into two sections. The first section, 
which is common to all instructions, is the address search 
operation, while the second section is unique to the require- 
ments of each instruction. 


Command 
Complete 


Figure 19 Basic Single Sector Command Flow Chart 
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@ Address Search Operation 
The flow chart of Figure 20 shows the operation of the 
address search operation. 
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Figure 20 Operational Flow of the Address Search Sequence 


® Single Sector Read (SSR) 

The single sector read command follows the address search 
procedure as defined in the previous flowchart. If the search is 
successful, status sense request is set and the operation 
continues as described by the flowchart of Figure 21 . 


@ Read CRC (RCR) 
The RCR command is used to verify that correct data was 
written on a disk. The operation is the same as for the SSR 
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Figure 21 Operational Flow of the SSR Command 
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command with the exception that the data transfer request 
(STRA bit 0) is not set. The Status Sense Request interrupt can 
be disabled by using the DMA flag of CMR. 


@ Single Sector Write (SSW) 

Single sector write is used to write 128 bytes of data on the 
disk. After the command is issued, the address search is 
performed. The remainder of the instruction’s operation is 


® Single Sector Write with Delete Data Mark (SWD) 

The operation flow of SWD is exactly like that of SSW. For 
SWD, the data pattern of the Data Address Mark becomes F8 
instead of FB. The clock pattern remains C7. 


@ Multi-Sector Commands (MSR/MSW) 
MSR is used for sequential reading of one or more sectors. 
If S sectors are to be read, S — 1 must be written into the GCR 


shown in Figure 22. 
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before the command is issued. 
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Figure 22 Operational Flow of the SSW Command 
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The basic operation for the MSR and MSW is the same as 
that for the SSR and SSW respectively. The basic operation 
begins with an address search operation, which is followed by a 
single sector read or write operation. This completes the 
operation on the first sector. The SAR is incremented, the GCR 
is decremented, and if no overflow is detected from the GCR 
(i.e, GCR become negative) the sequence is repeated until S 
number of sectors are read or written. 

The completion of an MSR or MSW is like that of an SSR or 
SSW command. First RWCE is set and Busy is reset, after the 
settling time has expired, the head is released. 

If a delete data mark is detected during an MSR command, 
STRA bit 1 (Delete Data Mark Detected) remains set through- 
out the commands operation. 

When a multi-sector instruction is issued, the sum of the SAR 
and GCR must be less than 27. If SAR + GCR > 26, an address 
error (STRB bit 3 set) will occur after the contents of SAR 
becomes greater than 26. 


@ Free Format Write (FFW) 

The FFW has two modes of operation which are selected by 
FWF (Free Format Write Flag) which is data bit 4 of the CMR. 

When FWF = “0”, the data bits of the DOR are written di- 
rectly to the disk without first writing the preamble, address 
mark, etc. The contents of the DOR are FM modulated with a 
clock pattern of all ones. 

If FWF = “1” the odd bits of the DOR are used as clock bits 
and even bits are used for data bits. In this mode, the DOSR 
clock is twice a normal write operation and one byte of DOR is 
one nibble (four bits of data) on the disk. 

The two modes of the FFW command allow formatting a 


disk with either the IBM3470 format or a user defined format. 


After the FFW command is loaded into the CMR, WGT 
becomes a “High” level, the contents of DOR are transferred to 
the DOSR, data transfer request (STRA bit 0) is set, and the 
serial bit pattern is shifted out on the WDT line. Therefore, DOR 
must be loaded before the FFW command is issued. Data from 
the DOR is continually transferred to the DOSR and shifted out 
on WDT until the CMR has been written with an all zero 
pattern. When CMR becomes zero, WGT becomes a “Low” 
level, but RWCE is not set and the R/W head is left in contact 
with the disk. 


@ Free Format Read (FFR) 

FFR is used to input all data (including Address marks) from 
a disk. Once the FFR command is set into the CMR, the head is 
loaded and after the settling time has expired the serial data 
from the FDC is brought into the DISR. After 8 bits have 
accumulated, it is transferred to the DIR and Data Transfer 
Request (STRA bit 0) is set. 

This operation continues until a zero pattern is stored in the 
CMR, terminating the FFR command. As in the case of the 
FFW command, RWCE is not set and the head remains in 
contact with the disk. 

The first data that enters the DISR is not necessarily the first 
bit of a data word since the head may be lowered at any place 


on the disk. To prevent the FDC from ‘remaining un- 


synchronized to the data, the FFR command will synchronize 
to an ID address mark (FE) or a Data Address mark (FB or F8) 
or an Index Address Mark (FC). 
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®@ Data Output Register (DOR); Hex address 0, write only 
rai 7] eit6 [ets [en 4 [on3 len? | Bet] BO] 
8 Bits of Data Used for a Disk Write Operation 


When one of the four write macro commands (SSW, SWD, 
MSW, and .FFW) is executed, the information contained in the 
DOR is loaded into the DOSR, and is shifted out on the WDT 
line using a double frequency (FM) format. 


@ Data Input Register (DIR); Hex address 0, read only 


[a7] eee [ens [en [ena [ena [ent] eno 


One of the three read macro commands (SSR, MSR, FFR) 
executed, will cause the information on the RDT input to he 
clocked into the DISR. When 8 clock pulses have occurred, the 
8 bits of information in the DISR are transferred to the DIR 
where it can be read by the bus interface. 


@ Current Track Address (CTAR); Hex address 1, read/write 
[ae [era] oT] Bro. 


Track Address of Current Head position 






The address of the track over which the R/W head is 
currently positioned is contained in the CTAR. At the end of a 
SEK command, the contents of the GCR are transferred to the 
CTAR. CTAR is cleared at the completion of a STZ command. 
CTAR is a read/write register so that the head position can be 
updated when several drives are connected to one FDC. Bit 7 is 
read as a “0”. 


@ Command Register (CMR); Hex address 2, write only 
__ Bit? 
Function 


Interrupt 
Mask 

































Bir | ana [aie 9°] aie2*] Bie t+] air or 


FWE Macro Command 


_Bit6 


ISR3 
Interrupt 
Mask 



























*BitO ~ 3 are cleared by RES. 


The commands that control the FDC are loaded into the 
lower four bits of the CMR. Information that controls the data 
transfer ‘mode and interrupt conditions are loaded into bits four 
through seven. 


Bit O~Bit 3: Macro Command 

The Macro Command to be executed by the FDC is written 
to bits O~3. 

Bit 4: Free Format Write Flag (FWF) 

If a Free Format Write command is issued, the state of bit 4 
of the CMR determines what clock source will be used. The 
FWF is defined in the FFW (Free Format Write) command 
explanation. 

Bit 5: DMA Flag 

If bit 5 is a “1” the FDC is in the DMA mode. Bit 5 being a 
“1” inhibits setting of Status Sense Request (ISR bit 2) thereby 
preventing its associated interrupt. A logic ‘1’ DMA flag also 
enables the TxRQ output allowing it to request DMA transfers 
when the Data Transfer Request flag (STRA bit 0) is set. 

A logic “O° DMA flag indicates the program controlled I/O 
(PC 1/0) mode. 
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Command Set 


Command End 


Settling 
time 


Seek time 


GCR, CTAR; clear 


HLO 


HOR 


LCT 


STP 


oe yee 


STRA? 
(Busy) 





iSR1 
(Seek Command End) 


* STP output is masked when TRZ becomes ‘‘High’’. But if TRZ falls to “Low” again before 82 pulse outputs are all provided, 
STP output become available again from that time point. 
** When RDY is “Low” with Command Set, the execution is postponed until RDY becomes “High”. 


Figure 23 Timing Sequence of STZ Command 
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* When RDY is ‘‘Low” with Command Set, the execution is postponed until RDY becomes ‘‘High”. 


Figure 24 Timing Sequence of SEK Command 
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AR 
wo Me Start Address Search Next Command Set 


Command Set 









Command End 
(Address Error) 
HLO Unless @ new command 
ome ow: . is issued during the 
Settling settling time after 
time Command End, HLO 
becomes “Low’’. 
IDX ese pees is See Uniess the address is detected 
before the disk revolves three 
times after Command Set, it 
STRAT results in Command End with 
(Busy) Address Error. 
ie ISRO =1 
STRB3 =1 
(RW Command End) ~ 





AG eae 


* If HLD has already been “High” when the command is set, the FDC starts the address search immediately. 


When RDY is ‘“‘Low"” with Command Set, the FDC waits for the execution until RDY becomes ‘’High’’. 


Figure 25 Timing Sequence of SSR, SSW, RCR, SWD, MSR, MSW Command 
(Relation with HLD and IDX) 







Sodteiaiennel | © heaihesteatinedaienesiimeteatateeneme sed 















Data from Sector 00 CRC 
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of Data 
'DAM CG a) 
detection ® Oa Ret oe ee sce 

Reset Reset ; 

Compare with 

Equal @ Use eS we ucane ee aie a ETAG 

Reset Reset 
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Sector SAR 
Equal ® canoe Reset 
™. 
10 CRC a 
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Track Sector 
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Command End 
( with CRC Error or with Track Not Equal a) 
(R/W Command End) ’ 
ISRO 
PSenise Eheq ues a ee Request) } tSR2 set by address 
ai detection 


@ ; In the case of Track Not Equal, @is not set and if CRC equals to the one calculated by FDC, STRAS is set. 
© ; In the case of Sector Not Equal, @ is not set and @) & @are reset to search the next IDAM. 
©; In the case of CRC Error, @ is not set and@),D& @ are reset. (ISRO: Set, STRB1: Set, STRB3: Set) 

When ©, @, @, & @ are all set, ISR2 is Set. These four signals are reset with Command End. 

When @) is ‘1, go to the data transfer routine. 


Figure 26 Internal Timing Sequence of Address Search Routine 
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—~ID Date 
OAM 
or et 2nd = 3rd 127th 126th 
CRC] FF OFF FF - 00 DDAM. Data, Date Date Data Data CRC 
Date from 
ice a ae ER 
{OCRC wee ewe es wee ne 
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Valid 
STRAO (Data Transfer Request) h { h ’ ‘ 
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Reed 
DIR V 
STRBO (Date Transfer Error) i Transfer Error 
32 bytes Sa 
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STRB1 (CRC Error) Set with CAC Error 
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ISR Read 


Unless DAM(FB) or DDAM(F8) is detected within 32 bytes after 1D field has been detected, STRB2 is set to end the command. 


Figure 27 Data Transfer Timing of SSR, RCR Command 
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* As Data Address Mark, SSW command writes ‘FB’ and SWD command writes ‘F8’. 


Figure 28 Data Transfer Timing of SSW, SWD Command 
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Sector ———— Sector Sector — 
Commane Set Command End 
101 GAP | Data GAP |!01 GAP Data 1D} GAP | Data GAP 
Address Address Address 
Foc Search Data Transfer Search Data Transfer Search Data Transfer 

Operation 

GCR-1 GCR-1 GCR-1 

GCR decrement SAR+1 SAR+1 SAR+1 | (GCR)=0 

SAR increment 

(ee ee em oe wm eg rn we ed wey we em mm wn eee 

1SRO . : —— 
Command End 
RW Cor 
ARAN Seenand Endl Command End with Address Error 


Address Search and Data Transfer in each sector is the same as those of SSR or SSW command. 
When Address Error occurs, it results in Command End. If an error relating to Data Transfer occurs, 
Error flag is set. But the command continues to be executed to shift into the next sector. 


Figure 29 Timing Sequence of MSR, MSW Command 











Command Set Set 00" Command into CMR 
Hip "| 
Settling 
a 
WGT 
Ist ON as Dl SE a ek oe eh 
DosR Data | Data 
DOR > DOSR 
Transfer 
STRAO 
(Data Transfer Request) 
Writing on 
OOR 
C111: Ean es RO Care era SO Se, SCE eer earee Oe E 
DOR 1st Data Data 

© The first one-byte data must be set into DOR before Command Set. 

@ if HLD has already been “High’’ when the command is set, WGT becomes “High” immediately. 

®@ When ‘00’ command is set into CMR, an interrupt of Command End is not generated. 

Figure 30 Timing Sequence of FFW Command 
Command Set 


Set “OO” command into CMR 


} 
Settling time 
Read Data 
Valid 
1st 2nd 
OsR Data | Data 
DISR ~ DIR \ 
Transfer 
1st 2nd 
DIR Data, Data 
Reading out 
of DIR ; 
STRAO 


(Data Transfer Request) 


1f HLD has already been “High” when the command is set, Read operation starts immediately without waiting for the settling time. 
When ‘00’ command is set into CMR, an interrupt of Command End is not generated. 


Figure 31 Timing Sequence of FFR Command 
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Bit 6: ISR3 Interrupt Mask 

CMR bit 6 (ISR3 Mask) is used to control the operation of 
ISR bit 3. A logic “1” in CMR bit 6 inhibits output of STRB- 
OR-Interrupt signal to TRO. If CMR bit 6 (ISR3 Mask) and 
mo bit 7 are “O” STRB-OR-Interrupt signal will be output to 


Bit 7: Function Interrupt Mask 
When CMR bit 7 is a logic “1” all interrupts are inhibited. 
Table 5 


Command Register Masks 
That Affect Interrupts 
















Causes — 
of R f 
Interrupt (Function| CMR6 CMRS5 
Interrupt | (ISR3 Mask) | (DMA Flag) 






(Read write 
Command End) 


ISR1 
(Seek Command 






(Status Sense 
Request) 


ISR3 
(STRB-OR- 
Interrupt) 


X= No effect 
M = Bits that are used as masks 


@ Interrupt Status Register (ISR); Hex address 2, read only 


[ Bit 7jpité)pits|eir4] Bits | Bit2"| Biri” | Biro" | 


STRB Status Seek Read Write 
OR Sense |Command| Command 
Request| End End 


Not Used 
(Read as 0’) 


* Cleared by RES 


Bit 0: Read Write Command End (RWCE) 

When an SSR, RCR, SSW, SWD, MSR or MSW Macro 
Command has completed execution, bit 0 becomes set (logic 
**1°"). If the function interrupts are enabled (bit 7 of CMR is a 
logic “0’), the conclusion of a Macro Command’s execution will 
cause an interrupt. 


Bit 1: Seek Command End (SCE) 

Seek Command End is set on SEK and STZ commands to 
indicate the head has been loaded and the settling time specified 
in SUR has expired. Since RWCE is not set for the SEK or STZ 
command, SCE can be used as an interrupt to signify the SEK 
or STZ command has finished. SCE is not set for any of the 
R/W commands. 


Bit 2: Status Sense Request 

For an SSR, SSW, SWD, MSR, or MSW Command, Status 
Sense Request indicates that the specified address ID field has 
been detected and verified by a CRC check. This is used as an 
early indication that data transfers will occur after 18 more byte 









times. For MSR and MSW commands, it is set for each sector. 

In the PC I/O mode, an interrupt occurs when Status Sense 
Request becomes a logic “1”. In the DMA mode, (DMA flag of 
CMR is set) Status Sense Request is unchanged and does not 
one an interrupt when the address ID field has been 
verified, 


Bit 3: STRB-OR 
STRB-OR is an “OR” of all of the bits of Status Register B, 


STRB-OR = STRBO + STRB! + STRB2 + STRB3 + 
STRB4 + STRBS5S + STRB6 + STRB7 
STRB-OR-Interrupt = STRB1 + STRB2 + STRB3 + 
STRB4 + STRBS + STRB6 + STRB7 
STRB-OR-Interrupt signal causes IRQ. STRB-OR is read 
by Read ISR. STRBO (Data Transfer Error) sets ISR Bit 3 but 
does not cause Interrupt. 


ISRO, ISR1, and ISR2 are cleared when the Interrupt Status 
Register is read, but ISR3 is cleared only after Status Register B 
has been read except when FI input is “High”. 


@ Set-Up Register (SUR); Hex address 3, write only 


[ait [eie6 [eins [ene [ok [eR2 [ont] BO | 


The SUR is not affected by a reset operation; therefore, once 
it is initialized, the information remains until power is removed 
from the FDC. 


Bit 0 ~ Bit 3: Head Settling Time 

The head settling time is used to generate a delay after the 
head is placed in contact with the disk. This allows the head to 
stop bouncing before any operations are performed. The delay 
is programmed by bits 0~3 and is specified by the equation: 

Delay = “098 «5 

B = Number contained in bits O~3 of SUR 

f = Frequency of CLK input 

For IBM3740 compatibility f = 1 MHz and the timing range 
is 4.096 ms for a “0001” to 61.44 ms for a “1111”. A “0000” 
code prevents Settling Time complete from being set and the 
FDC must be Reset. 


Bit 4 ~ Bit 7: Track to Track Seek Time 
The frequency of STP is determined by bit 4~ bit 7 of SUR 
as shown below. 


a — | 
staf | 


A = Number specified in bits 4~7 of SUR. 
f = Frequency of CLK input. 


For IBM compatible operation, f is 1 MHz. This results in an 
STP pulse width of 32 us and an STP interval of 1.024 ms for a 
“0001” to 15.36 ms fora “1111”. 
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@ Status Register A (STRA); Hex address 3, read only 


fecr[ene [exs']ene [ens [eve] en | enor 









i Delete 
Bus ia Track | Drive | Data 
: tect | @ero | Ready | Mark 
Detected 





* Cleared by RES. 


Bit 0: Data Transfer Request 

For a write operation (SSW, SWD, MSW, FFW) the transfer 
request bit indicates that the DOR is ready to accept the next 
data word to be written on the disk. If data is not written into 
the DOR before the last data bit in the DOSR is shifted out to 
the WDT line; the data transfer error bit (bit 0 of STRB) will be 
set. After a write command has been issued, the first transfer 
request occurs simultaneously with the Status Sense Request. 
For a write operation, transfer request is reset after the DOR 
has been written from the data bus. 

During a read operation (SSR, MSR, FFR) the transfer 
request bit signifies data from the DISR has been transferred to 
the DIR. The DIR must be read before the DISR is full again or 
the data transfer error bit (bit 0 of STRB) will be set. For read 
operations, transfer request is reset by a read of the DIR. 


Bit 1: Delete Data Mark Detected 

A Single Sector Read operation that detects a delete data 
code (F8) instead of a general data code (FB) as a Data Address 
Mark will set the Delete Data Mark Detected bit. For the MSR 
command, bit 1 is set the first time an ‘“‘F8” code is found and 
remains set throughout the execution of the command. Bit 1 is 
reset whenever an SSR, SSW, SWD, MSR, MSW, or RCR 
command is issued. 


Bit 2: Drive Ready 

The Drive Ready bit indicates the state of the Ready input 
from the floppy disk drive. If a command is issued with Ready 
at logic *‘O", its execution will be inhibited until Ready becomes 
a logic ‘1’. If ready becomes a “‘O”’ during the execution of a 
command the Hard Error Flag (STRB bit 7) is set. 


Bit 3: Track Zero 

The state of the Track Zero input from the floppy disk drive 
is reflected in this bit of STRA. A logic “1” on the Track Zero 
input inhibits step pulses during an STZ command. 


Bit 4: Write Protect 

The Write Protect input from the floppy disk drive is 
reflected by bit 4 of STRA. A “High” level (logic 1°’) on the 
WPT input during the execution of any write command results 
in a write error (bit 6 of STRB set). 


Bit 5: Track Not Equal 

If the track address read from the address ID field does not 
coincide with the address in the LTAR inspite of CRC matching 
the one calculated by FDC, the Track Not Equal bit is set. 
Track Not Equal applies to all non-free format read/write com- 
mands, and is reset after a non-free format read/write com- 
mand is issued. 
Bit 6: Index 

The state of the index input appears in bit 6 of STRA. The 
index input is used to count the number of disk revolutions 
while the FDC is looking for the address ID field (see operation 
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of STRB bit 3) during the address search phase of a non-free 
format read/write command. 


Bit 7: Busy 

When Busy is a logic 1”, the FDC is executing a command 
and no new commands can be issued. Busy should be confirmed 
to be “0” before reading ISR cr STRB as well as issuing a 
command. 


®@ Sector Address Register (SAR); Hex address 4, write only 


[Bit 7] Bité] Bits [Bit 4*| Bir3*| Bit 2*| Bit 1*| Bit O° | 


* Cleared by RES 


Before a data transfer macro command (SSW, SWD, SSR, 
RCR, MSW, MSR) is issued, the address of the sector on which 
the operation is to be performed must be written into the SAR. 
The address in the sector address byte of an Address ID field of 
the disk is compared with the contents of the SAR. During an 
MSW or MSR command, the SAR is incremented after each 
sector is read or written. When execution is complete, the SAR 
contains the address of the last sector on which an operation 
was performed plus one. 






@ Status Register B(STRB); Hex address 4, read only 


jeir7"| sir6’| girs | pir4*] wirs* | siv2*{ sit | eico’ | 


Data 
Hard | Write 
Error Error 


* Cleared by RES 














Sector 
Address 
Unde- 
tected 













File 
Inoper- 
able 







Unde- 
tected 





The bits of the STRB represent possible error conditions that 
may occur during execution of macro commands. Whenever 
STRB is reset, ISR bit 3 is also reset. 


Bit 0: Data Transfer Error 

Data Transfer Error indicates an underflow or overflow of 
data. If a Write operation is being performed, it signifies that 
data was not presented to the DOR before the DOSR became 
empty. In this case, the current contents of the DOR are trans- 
ferred to the DOSR and the write operation continues, The 
data transfer error remains set until STRB is read, and the data 
transfer request remains set until data is written into the DOR. 
The operation of the CRC is unchanged. 

For read commands, a data transfer error indicates that data 
in the DIR was not read before the next data word from the 
disk was transferred to the DIR. The read operation continues 
until sufficient data has been read from the disk to satisfy the 
requirements of the command (128 bytes for SSR). The error 
indication remains set until STRB is read, and the transfer 
request remains set until data is read from the DIR. 


Bit 1: CRC Error 

A CRC error occurs when the CRC read from the disk does 
not match that calculated by the FDC on the data it reads from 
the disk. A CRC error can occur in two different situations; 
checking the address ID field, checking the data field. 

If the CRC error occurs during the check of an address ID 
field, Sector Address Undetected (STRB bit 3) will also be 
indicated (see Table 6). A CRC error of a data field is indicated 
by a CRC Error and no Sector Address Undetected. 
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Bit 2: Data Mark Undetected 
If a valid data mark is not detected in the data block of a 
sector, it is indicated by a Data Mark Undetected error. 


Bit 3: Sector Address Undetected 

The Sector Address Undetected bit can be set on two condi- 
tions; not finding the sector address and a CRC error on an 
address ID field. 

If the disk makes three revolutions during an address search 
operation and the sector address specified in the sector address 
register is not found in any of the address ID fields, a Sector 
Address Undetected condition is indicated. 

A CRC error that occurs on an address ID field will set bit 3 
also. Table 6 shows how bits 1 and 3 are related. 


Table 6 Relationship of CRC Error and 
Sector Address Undetected 


Sector 
CR Address me 
ieee Undetected Condition 
(STRB3) 
0 0 No Error “3 
0 1 Sector Address not Detected 








1 0 CRC Error on a Data Field 
1 1 | CRC Error on Address !D Field 


Bit 4: Seek Error 

An STZ (Seek Track Zero) command that never receives a 
track zero indication on the track zero input will result in a 
Seek Error (see description of STZ command). 


Bit 5: File Inoperable 

The state of the File Inoperable input appears in bit 5. If the 
File Inoperable input is a “High” level, a pulse of width equals 
to Enable pulse width PWgy is issued on the FIR output when 
STRB is read. FI is not latched but the input is gated to the bus 
when STRB is read. 


Bit 6: Write Error 
If the WPT input becomes a “High” level (logic ‘‘1”’) during 
the execution of a write command the Write Error bit is set. 


Bit 7: Hard Error 

If the Ready input becomes a “Low” level during the opera- 
tion of a command (Busy is set), a Hard Error indication will 
result. 


@ General Count Register (GCR); Hex address 5, write only 


eit? Jen6] oes] ea] ena] ona] ent] ono 


7 Bit Count for Track Number on SEK Command 
and Sector Count for MSR or MSW Command 






The GCR contains the destination track address for the R/W 
head on an SEK Macro Command. The contents of the GCR are 
transferred to the CTAR at the end of the SEK Command. For 
multi-sector read or write operations (MSR, MSW), the GCR 
contains the number of sectors to be read minus one. During the 
MSR or MSW execution the GCR is decreniented after each 
sector is read or written. 


® CRC Control Register (CCR) ; Hex address 6, write only 
[ Bit7 | Bit | Bits] Bit4 | Bit | Bit2 | Bit 1 | Bit | 
d Shift | CRC 
Nores CRC {Enable 
The CCR information is used only in the free format 


commands; for all other commands this register is masked and 
has no function. 








Bit 0: CRC Enable 

During an FFW command, CRC Enable is set by software 
and CRC generation takes effect on the next transfer of data 
from DOR to DOSR (see figure 32). The CRC generation 
continues until Shift CRC (CCR bit 1) is set. 

For an FFR command, CRC Enable is set by software and 
CRC generation takes effect on the next data read from DIR. 
The calculation continues for all data bytes read from DIR until 
CRC Enable is reset. The bytes read previous to resetting CRC 
Enable are considered the CRC information bytes and the CRC 
check is made against them. 


Bit 1: Shift CRC 

Bit 1 is valid only for the FFW command. After setting, it 
takes effect on the next transfer of data from DOR to DOSR 
(see Figure 33). Setting Shift CRC terminates the CRC 
calculation and causes the CRC calculated on all the data 
written into DOR up to the setting of bit 1, to be shifted out 
the WDT output. The CRC calculation will not include any data 
written to DOR after Shift CRC is set. 


@ LTAR (Logical Track Address); Hex address 7, write only 
a7 [ere]ers [ee] ens] en2] ent] eno] 


7 Bit Logical Track Address 


When a read or write macro command (SSW, SWD, SSR, 
RCR, MSW, MSR) is issued, the address of the track on which 
the operation is to be performed must be written into the 
LTAR. The address in the track address byte of an Address ID 
field of the disk is compared with the contents of the LTAR. 
The contents of LTAR are not affected by the execution of any 
of the commands. 
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CRC 

CRC Enable 

Enable Reset 

Set (CCRO=0) 

(ccRo=1) Read Data Read Data Read Data Read Data Read Data 
Read Data Byte 1 from Byte 2 from Byte n-1 from Byte n from Byte n+1 
Byte 0 from nee DIR DIR DIR from DIR 
v oIR (Data 1) (Data 2) (Data n-1) (Data n) (Data n+1) 


DCK (Data 
Clock Input) 












sie ee Sr a 
CRC Enable ML ae ia ae: 
ae xX Catculation “7, 











aa 
Calculation 
Stops 





DISR —|/ Datei \T _Oata2 | / Data3 |iDatan-i|/ Datan ) Datantt f/f Data nt+2 
DIR _# DataO Pp Datat =f Data? |[Datan-2¢  Datan-) og Datan Data n+1 


CRC Calculation includes Data Byte 1 through Data Byte n. 


Figure 32 CCR Control Register Timing for an FFR Command (READ) 


Shift 


CCR Enable Set CCR Set ri 
(CCRO=1) (CCRO =1) Ba es 
(CCR1=0) Write Write Write (CCR1=1) (Data n+2) 
Write Byte 2 Byte 3 Byte n Write Byte CCR Set 
Byte: to DOR to DOR to DOR n+1 to DOR (CCRO=0) 
to DOR (Data 2) (Data 3) (Data n) (Data n+1) (CCR1=0) 





Shift 
Clock 
Load signal 
from DOR 
to DOSR 
STRAO 
(DTR) 
CCRO 
(CRC Enable) 
CCR1 
(Shift CRC) \ 


| Y—_— +4 aera 
CRC valid 


DOR p  Data2 oF || Datani ¥ Datan ¥ 
DOSR _j|__DataQ | Data Data 2 Data n+2 


bain Lata Pata Data 2 |[Datan-2[  Datan-1 | CRC1 CRC2 Data n+2 


The CRC Calculation includes Data Byte 1 through Data Byte n-1. 


Figure 33 CCR Control Register Timing for an FFW Command (WRITE) 


@ HITACHI 645 


HD6843,HD68A43 





Table 7 Programming Reference Data 
Table 7 is a summary of the information in the data sheet and can be used as a reference when programming the HD6843. 


Hex R/W 


8 Bits of Data Used for a Disk Write Operation 


8 Bits of Data Used for a Disk Read Operation 








Track Address of Current Head Position 


CTAR R/W 





Function ISR3 DMA 
Interrupt | Interrupt Fla Macro Command 
Mask Mask 9 


| sir7 | site | sits | ira | sits | si2*| sitr* | sito” | 
Status Seek Read Write 
STRB Sense Command | Command 

-OR Request End End 


i | _sx7 | site | sies | pica | pits | sic2 | sitr | aio | 


Track to Track Seek Time Head Settling Time 


| sire | sits” | pita | Bits | Bitz | Bito” | 
pai Data 
pre ) Tack | Drive Data Mark | Transfer 
y Detected | Request 
| sit7 | site | sits | pita*] sits" | Bit2*| pitt" | sitoe | 
SAR wo 5 Bit Sector Address 
| Bit7* | pico* | its | sina" | sis] eit2*| siti" { Biro’ 
Write File Sa eee ees CRC Data 
Error Inoperable | Error Undetected |Undetected Error ianet : 
| it? | ite | sits | sits | sits | sie | str | sito | 
7 Bit Count for Track Number on SEK or Sector Count for MSR or MSW. 


Bit7 | sire | sits | sia | sits | Bit2 | Bit | Biro 
CCR wo Not Used Shift CRC [CRC Enable 


LTAR 


Not | Not Used _| 7 Bit Logical Track Address 
































RO -— Read Only * Cleared by RES 
WO — Write Only 
R/W — Read/Write 
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Hex Code 


MACRO COMMANDS 


A 
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Instruction 


Table 8 Error Condition, Command Execution, Interrupt, and Head Control 

































































Error Flag Set Condition Reset Condition Command Command Execution Interrupt| Head Control 
Track information of 1D field Issuing of SSR, RCR, The execution of a command 
kee Ree STRAS | is not equal to the content of | |MSR, SSW, SWD or ra py peek is interrupted and R/W ae Unchanged** 
qua LTAR. MSW Command SWD, Command End (ISRO) is set. 0) 
Data : SSR, MSR, SSW : 
Overrun or underflow during ; : ‘ » | Read/Write command con- |No + 
ee the data transfer Reading of STRB bbe MSWLEEA tinues to be executed. interrupt Unchanged ** 
: SSR, RCR,MSR, | The execution of a command | Request 
ills STRB1 ae Error on ID field or Date | Reading of STRB |SSW, SWD, MSW | is interrupted and R/W (iSRO, |Unchanged** 
FOr : (FFR) Command End (1iSRO0) is set. | ISR3) 
Data Mark DAM or DDAM is undetected The execution of a command | Request 
ata Merk | STRB2 | within 32 bytes after ID field | Readingof STRB |SSR,RCR,MSR__ | is interrupted and R/W IsRO, | Unchanged** 
Undetected ( : 
has been detected. Command End (1SR0) is set. | ISR3) 
Unchanged 
Sector (1) pati estes 7 an Reading of STRB SSR. RCR, MSR The execution of a command | Request | (Head remains 
Address STRB3 Ie aes AG ed after Busy (STRA7)| Sew’ swo sw. |'S interrupted and R/W (ISRO, | loaded after 
Undetected (2) ene - be ID field is reset. ‘i Command End (ISRO) is set. | ISR3) | settling time 
TrOron re has expired.) 
Hake ni i tee iia te re The execution of a command R 
Seek Error | STRB A | ee ee ised i Gre, | Reading of STRB [STZ is interrupted and Seek steal tae 
outputs are Providedin Command End (1SR1) is set. (ISR1, nenange 
command. ISR3) 
Fi signal of the : 
FDD is reset when ate winds oe comand Request velond ne 
File A“High” level input of Fl “High” pulse out- is interrupted. If it isa (ISRO or head imediately 
Inoperable STRBS terminal is reflected. put is provided by All commands belie pea ISRO ISR1, Ss er } 
reading of STRB is set. it is a seek command, 1SR3) Sct . to 
at Fl="1". ISR1 is set. Low 
F Write operation (WGT="‘High’’) The execution of a command |Request | Unload the 
a is performed when the input of | Reading of STRB ald SD Mat is interrupted and R/W (ISRO, head imediately 
STRB6 | WPT termina! is “High” level. Command End (ISRO0) is set. |1SR3) {HLD="'Low” 
Set WGT to 
“Low” 
The execution of a command R Unload the 
RDY input signal becomes is interrupted. If it isa Read/ |"\°A4®St | head imediately 
Hard Error | STRB7 | ‘’Low” level during the execu- | Reading of STRB_ |A!i commands Write command, ISRO is set. iene Or |(HLD="Low”) 
tion of a command (Busy="1".) If it is a seek command, ISR1 ISR3) Set WGT to 
is set. “Low” 
Not Ready N Unload the 
during the | STRA2 a - - - Pe head imediately 
idling raterrupt) (41 D="Low’) 
* These errors except STRBS5 and STRA2 are reset by RES inputs. 
** Head is unloaded if the new command is not issued during the settling time after Read/Write command ends. 
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HD68B44 
DMAC (Direct Memory Access Controller) 


The HD6844 Direct Memory Access Controller (DMAC) 
performs the function of transferring data directly between HD6844, HD68A44, HD68B44 
memory and peripheral device controllers. It controls the 
address and data buses in place of the MPU in bus organized 
systems such as the HMCS6800 Microprocessor System. 

The bus interface of the HD6844 includes select, read/ 
write, interrupt, transfer request/grant, and bus interface logic 
to allow the data transfer over an 8-bit bidirectional data bus. 
The functional configuration of the DMAC is programmed via 
the data bus. The internal structure provides for control and 
handling of four individual channels, each of which is separately 
configured. Programmable control registers provide control for 
the transfer location and length, individual channel control and 
transfer mode configuration, priority of servicing, data chaining, 
and interrupt control. Status and control lines provide control 
to the peripheral controllers. 

The mode of transfer for each channel can be programmed as 
cycle-stealing or a burst transfer mode. 

Typical applications would be with the Floppy Disk Con- 
troller (FDC), etc.. 


@ FEATURES 

@ Four DMA Channels, Each Having a 16-Bit Address 
Register and a 16-Bit Byte Count Register 

@ 1M Byte/Sec (HD6844), 1.5 M Byte/Sec (HD68A44), 

2.0M Byte/Sec (HD68B44) 

Maximum Data Transfer Rate 

Selection of Fixed or Rotating Priority Service Control 

Separate Contro! Bits for Each Channel 

Data Chain Function 

Address Increment or Decrement Update 

Programmable Interrupts and DMA End to Peripheral 

Controllers 

@ Compatible with MC6844, MC68A44, MC68B44 


BLOCK DIAGRAM 


Address/Control and Interrupt HD6844 


Select and Control 
- Address 
Register 


Byte Count 
Register 










Four 
Data Control / Sie . 
a Controls (Top View) 







Priority 
Control 
Register 
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® ABSOLUTE MAXIMUM RATINGS 


_Vec*_| TO 
a EL 
Bese TT Tea 












Item 
Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 














* With respect to Vgg (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Norma! operation should be 
under recommended operating conditions. If these conditions are exceeded, it could affect 
reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 











Power Supply Voltage 


Input Voltage 





Operating Temperature 


* With respect to Vsg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS (Vcc=5V5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 
© DC CHARACTERISTICS 


ie [Symbot | __Text Condition [min | wr] 


Input “High” Voitage Vin 


TxRQown3, 2 DMA 


Input Leakage Current RES. DGRNT : lin Vin=O~5.25V 
bs Sinan eaeh tebe eens Serre 














Vee 


2.5 
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Unit 


MA 





















































Three-State (off state) ~ ey nar Sant 
Leakage Current Ao~A15,Do~D7, R/W | Izgy Vin=0.4~2.4V 
| Do~D, lon =-205uA 
<a 
Output “High” Voltage | Ag~Ai5, R/W Vou loH=-145uA 
[All Other Outputs lou=-100HA 
Output “Low” Voltage VoL loL=1.6mA 
Source Current | CS/TxAKB less Vin=0V, Fig. 10 
Power Dissipation il Py 
Do~D7, cs, Ao~Aa, = =95° 
, Janae Vin=OV, T,=25 C _ 12.5 pF 
Input Capacitance R/W Cin f=1.0MHz > 
TxRQo~3, RES, _ _ 10 
DGRNT cay | 
Output Capacitance Cag Vin=0V, T,=25°C, f= 1MHz _ 12 pF 
e Vec=5.0V, Ta=25°C 
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@ AC CHARACTERISTICS (Load Condition Fig. 9) 
1, CLOCK TIMING 


HD68A44 HD68B44 


@, DMA Cycle Time 





2. DMA TIMING (Load Condition Fig. 9) 


1 


~] 
a 











, DMA Rising ‘ 

Edge Tas 
TxRQ Setup Time 

%, DMA Falling ttos2 210 

Edge 

¢, DMA Rising 

Edge traH1 20 

TxRQ Hold Time - ns 

@,DMA Falling é 

Edge TQH2 

: ig. ns 

Address Output A, ~A,;, R/W, 
Delay Time TxSTB tap 20 ige a 
Address Output. — | Ay~Aus, RW soo | RP eB q 
Hold Time Fig. 7 

Ste ee ese eet ee lice | 
Address Three-State — ' 
Delay Fime o a a Kolbas ibs : pepe a ez - zh Bite o di 
Address Three-State — 2 
Recovery Time Ao ae las aren | fm? | - | - | ra P= | = | pots ae a0 Me 
ony Tine | BRO ORGT|ioan | Fes | - | - | s[-|-| | -| - | 20| = 

@,DMA Rising ‘ 

Edge TKD1 
TxAK Delay Time ns 

DGRNT Rising : 

Edge TKD2 

o,DMA Falling 360 
1RO/DEND Delay Edge “a 
Time OGRNT Rising Fig. 8 

Edge 8. 
3. BUS TIMING 


1) READ TIMING 


HD68B44 


typ 

















Test 
A,~A,,RIW, | | 
cs AS 
Ao~As, RW, 
Cc 





Address Setup Time 


~ 
°o 





Address input Hold 
Time 


Data Delay Time 


Data Access Time 


i 





Data Output Hold 
Time 
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D,~D, 
D,~D, 
D,~D, 
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2) WRITE TIMING 











Test HD6844 HD68A44 HD68B44 


wel Fa Poe Tae ae Poe mee 
en Pet eae 
cS 

Le AHI 


Item 






Symbol 









Address Setup Time 





Address input Hold 
Time 








Data Setup Time 





Data Input Hold 
Time 


R/W Ao~ Aa As~ Ais Do~D7 


. f U 


ADDRESS 


ADORESS DATA BUS 
BUS BUS 
ei i BUFFER 





IRQ” DEND 
CS/TxAKB 
ORQT 
OGRNT 
ORQH 
BYTE COUNT REGISTER 
(16x 4) 
TxRQ 
TxRQi 
TxRQ 
#DMA TxRQ: 
TxSTB 
TxAKA 
RES —~ 
Veco ——— 





Vss ——— 


(TxAKB) 


Figure 1 Expanded Block Diagram 
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¢, OMA 











A,~A, \Input) 
R/W (Input) 
TS (input) 


0,~D0, (Output) 
(Read Operatian) 








0, ~D, (Input) 
(Write Operation} 


Figure 2 Read/Write Sequence 


¢,DMA 


TxRQ, ~TxRQ, 





Figure 3 Timing of TxRO Input 
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Set Up Timing 


2.0V 
¢, OMA 
0.8V 
toes tpocs> 
ee eer eee 
DGRNT 
0.8V 


Hold Timing 


¢,D0MA 
0.8V 
toGH 
2.0V 
DGRNT 
0.8V 


Figure 4 Timing of DGRNT Input 





2.0V 
¢, DMA 
DROH = 2.4V 
DRQT i 
0.4V 
tTKD1 
2.4V 
TxAKA 4 
CS/TXAKB (Output) 
0.4V 


Figure 5 Timing of DRQH, DROQT, TxAK Outputs 
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$, DMA 


A,~A,; (Output) 
R/W (Output) 
x 





TRO/DEND 


Figure 6 Timing of Address and IRO/DEND Outputs 


Recovery Time of Address Three-state 


2.0V 
¢,DMA (or DGRNT) 
taTsR—™| 
2.4V 
Ao ~A, 5 
R/W 
0.4V 


Delay Time of Address Three-state 


$, DMA 


Ao~Ais 
R/W 





taHo 
Figure 7 Timing of Address Three-state 
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2.0V 
DGRNT 
ttKkD2 
CS/TxAKB (Output) 
0.4V 
tpED2 
2.4V 


IRQ/DEND 


Figure 8 Timing of Synchronous DGRNT Output 


2.4k2 Test terminal 


Ao~Ats, R/W 


Test terminal 
CS/TxAKB 
D, All other outputs 





HD6844 


loss 


TxAKB output 


D.C. Ammeter 





TxAK ENABLE 


CS input 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 


Figure 10 Source Current Measurement Circuit for CS/TxAKB Terminal 
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= DEVICE OPERATION 

The DMAC has fifteen addressable registers, eight of them 
are sixteen bits in length. Each channel has a separate Address 
Register and a Byte Count Register, each of which is sixteen 
bits. There are also four Channel Control Registers. The three 
General Control Registers common to all four channels are the 
Priorit,) Control Register, the Interrupt Control Register, and 
the Data Chain Register. 

To prepare a channel for DMA, the Address Registers must 
be loaded with the starting memory address and the Byte Count 
Register loaded with the number of bytes to be transferred. The 
bits in the Channel Control Register establish the direction of 
the transfer, the mode, and the address increment or decrement 
after each cycle. Each channel can be set for one of three 
transfer modes: Three-State Control (TSC) Steal, Halt Steal, or 
Halt Burst. Two read-only status bits in the Channel Control 
Register indicate when the channel is busy transferring data and 
when the DMA transfer is completed. 

The Priority Control Register enables the transfer requests 
from the peripheral controllers and establishes either a fixed 
priority or rotating priority scheme of servicing these requests. 

When the DMA transfer for a channel is complete (the Byte 
Count Register is zero), a DMA End signal is directed to the 
peripheral controller and an IRQ goes to the MPU. Enabling of 
these interrupts is done in the interrupt Control Register. The 
IRQ flag bit is read from this register. 

Chaining of data transfers is controlled by the Data Chain 
Register. When enabled, the contents of the Address and Byte 
Count Registers for channel #3 are put into the registers of the 
channel selected for chaining when its Byte Count Register 
becomes zero. This allows for repetitively reading or writing a 
block of memory. 

During the DMA mode, the DMAC controls the address bus 
and data bus for the system as well as providing the R/W 
line and a signal to be used as VMA. When a peripheral 
device controller desires a DMA transfer, it is requested by a 
Transfer Request. Assuming this request is enabled and meets 
the test of highest priority, the DMAC will issue a DMA 
Request. When the DMAC receives the DMA Grant, it gives a 
Transfer Acknowledge to the peripheral device controller, at 
which time the data is transferred. When the channel’s Byte 
Count Register equals zero, the transfer is complete and a DMA 
End is given to the peripheral device controller, and an IRQ is 
given to the MPU. 


@ Initialization om 

During a power-on sequence, the DMAC is reset via the RES 
input. All registers, with the exception of the Address and Byte 
Count Registers, are set to a logic “0” state. This disabies all 
requests and the Data Chain function while masking all 
interrupts. The Address, Byte Count, and Channel Control 
Registers must be programmed before the respective transfer 
request bit is enabled in the Priority Control Register. 


@ Transfer Modes 

There are three ways in which a DMA transfer may be done. 
The one used is determined by the data transfer rate required, 
the number of channels attached, and the hardware complexity 
allowable. Refer to Figures 12, 16 and 17. 

Two of the modes, TSC Steal and Halt Steal, are done by 
eycle-stealing from the MPU. The Three-State Control (TSC) 
Steal mode is initiated by the DMAC bringing the DRQT line 
“Low”, This line goes to the system clock driver which returns a 
“High” on DGRNT on the rising edge of the system ¢, clock. 


The DGRNT signal must cause the address control and data 
lines to go to the high impedance state. The DMAC now 
supplies the address from the Address Register of the channel 
requesting. It also supplies the R/W signal as determined from 
the Channel Control Register. After one byte is transferred, 
control is returned to the MPU. This method stretches the ¢, 
and $2 clocks while the DMAC uses the memory. 

The second method of cycle-stealing is the Halt Steal mode. 
This method actually halts the MPU instead of stretching the ¢1 
clock for the transfer period. This mode is initiated by the 
DMAC bringing the DRQH line “Low”. This line connects to 
the MPU HALT input. The MPU Bus Available (BA) line is the 
DGRNT input to the DMAC. While the MPU is halted, its 
Address Bus, Data Bus, and R/W are in the high impedance 
state. The DMAC now supplies the address and R/W line. After 
one byte is transferred, the HAT line is returned “High” and 
the MPU regains control. In this mode, the MPU stops internal 
activity and is removed from the system while the DMAC uses 
the memory. 

The third mode of transfer is the Halt Burst mode. This 
mode is similar to the Halt Steal mode, except that the transfer 
does not stop with one byte. The MPU is halted while an entire 
block of data is transferred. When the channel’s Byte Count 
Register equals zero, the transfer is complete and control is 
returned to the MPU. This mode gives the highest data transfer 
rate, at the expense of the MPU being inactive during the 
transfer period. 





= INPUT/OUTPUT FUNCTIONS 


@ DMAC Interface Signals for the MPU 

The DMAC interfaces with the HMCS6800 MPU through the 
eight-bit bidirectional data bus, the CS line, five address lines, 
an IRQ line, the Read/Write line, and the RES line. These sig- 
nals, in conjunction with the HMCS6800 VMA output, permit 
the MPU to have access to the DMAC. Four other lines as- 
sociated with the MPU and the clock driver are the DRQT, 
DRQH, DGRNT, and the ¢2 DMA. 





Bidirectional Data (Dy ~D7) 

The Bidirectional Data lines (Do ~D- ) allow for data transfer 
between the DMAC and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance state 
except when the MPU performs DMAC read operations. 


Chip Select/Transfer Acknowledge B (CS/T x AKB) 

This line is multiplexed, serving both as an input and an 
output. CS/TxAKB is an output in the four-channel mode 
during the DMA transfer. At all other times, it is a high 
impedance TTL compatible input used to address the DMAC. 
The DMAC is selected when CS/TxAKB is “Low”. VMA must 
be used in generating this input to insure that false selects will 
not occur. Transfers of data to and from the DMAC are then 
performed under the control of the ¢2 DMA, Read/Write, and 
Ao™Ag address lines. In the four-channel mode when TxAKB is 
needed, the CS gate must have an open-collector output (a 
pull-up resistor should not be used). In the two-channel mode, 
CS/TxAKB is always an input. 


Address Lines Ap ~Aq (Ap ~Ag) 

Address lines Ag~A4 are both input and output lines. In the 
MPU mode, these are high impedance inputs used to address the 
DMAC registers. In the DMA mode, these lines are outputs 
which are set to the contents of the Address Register of the 
channel being processed. 
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Interrupt Request/DMA End (IRQ/DEND) 

IRQ/DEND is a TTL compatible, active “Low” output that 
is used to interrupt the MPU and to signal the peripheral 
controller that the data block transfer has ended. If the 
Interrupt has been enabled, the IRQ/DEND line will go “Low” 
after the last DMA cycle of a transfer. An open collector gate 
must be connected to DGRNT and IRQ/DEND to prevent false 
interrupts from the DEND signal when interrupts are not 
enabled. Refer to the section of “DMA End Control”. 





Read/Write (R/W) 

Read/Write is a TTL compatible line that is a high impedance 
input in the MPU mode and an output in the DMA mode. In the 
MPU mode, it is used to control the direction of data flow 
through the DMAC’s input/output data bus interface. When 
Read/Write is “‘High” (MPU read cycle) and the chip is selected, 
DMAC data output buffers are turned on and a selected register 
is read. When it is “Low”, the DMAC output drivers are turned 
off and the MPU writes into a selected register. 

In the DMA mode, Read/Write is an output to drive the 
memory and peripheral controllers. Its state is determined by 
bit O of the Channel Control Register for the channel being 
serviced. When Read/Write is “High”, the memory is read and 
the data from the memory is written into the peripheral 
controller. When it is “Low”, the peripheral controller is read 
and its data stored in the memory. In the DMA mode, the 
DMAC data buffers are off. 


Reset (RES) 

The RES input provides a means of resetting the DMAC from 
an external source. In the “Low” state, the RES input causes all 
registers, with the exception of the Address and Byte Count 
Registers, to be reset to the logic “0” state. This disables all 
transfer requests, masks all interrupts, disables the data chain 
function, and puts each Channel Control Register into the 
condition of memory write, Halt Steal transfer mode, and 
address increment. 


@ Transfer Signals to the MPU 

Two DMA request output lines and a DMA Grant input line, 
together with the system clock, synchronize the DMAC with the 
MPU system. 


DMA Request Three-State Control Steal (DRQT) 

This active “Low” output requests a DMA transfer for a 
channel configured for the TSC Steal transfer mode. This line is 
connected to the system clock driver, requesting a ¢, clock 
stretch. It will remain in the “Low” state until the transfer has 
begun. 


DMA Request Halt (DROH) 

This active “Low” output requests a DMA transfer for a 
channel programmed for the Halt Steal or Halt Burst mode 
transfer. This line is connected directly to the MPU HALT input 
and remains “Low” until the last byte has begun to be 
transferred. 


DMA Grant (DGRNT) 

This is a high impedance input to the DMAC, giving it 
control of the system busses. For the TSC Steal mode, the signal 
comes from the system clock drive circuit (DMA Grant), 
indicating that the clock is being stretched. For either of the 
Halt modes, this signal is the Bus Available from the MPU, 
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indicating that the MPU has halted and turned control of its 
busses over to the DMAC. For a design involving TSC Steal and 
Halt mode transfers, this input must be the OR of the clock 
driven DMA Grant and the MPU BA. 


¢2DMA 
Transferring in and out of the DMAC registers, sampling 
of channel request lines and gating of other control signals to 


’ the system is done internally in conjunction with the ¢, DMA 


high impedance input. This input must be the system memo- 
ry clock (non-stretched $2 clock). 


@ Transfer Signals From the Peripheral Controller 


Transfer Request (TxRQ,)~TxRQ; ) 

Each of the four channels has its own high impedance input 
request for transfer line. The peripheral controller requests a 
transfer by setting its TxRQ line “High” (a logic “1”). The lines 
are sampled according to the priority and enabling established in 
the Priority Control Register. In the Steal mode and the first 
byte of the Halt Burst mode, the TxRQ signals are tested on the 
positive edge of ¢2 DMA and the highest priority channel is 
strobed. Once strobed, the TxRQs are not tested until that 
channel’s data transfer is finished. In the succeeding bytes of the 
Halt Burst mode transfer, the TxRQ is tested on the negative 
edge of $2 DMA, and data is transferred on the next ¢, DMA 
cycle if TxRQ is “High”. 


© Transfer Signals to the Peripheral Controller 

Two encoded lines select the channel to be serviced. A strobe 
line acknowledges the request and performs the transfer. The 
DEND line signals to the peripheral controller that the DMA 
transfer is completed. 


Transfer Acknowledge A (T x AKA) 

The Transfer Acknowledge A (TxAKA) is a TTL compatible 
output used in conjunction with the CS/TxAKB line to select 
the channel to be strobed for transfer and to give the DMA End 
Signal. In the two-channel mode, only TxAKA is used to select 
channel 0 or channel 1, and CS/TxAKB is always an input. 


Chip Select/Transfer Acknowledge B (CS/TxAKB) 

In the DMA mode, this dual purpose line is encoded together 
with TxAKA to select the channel being serviced. Table 1 shows 
the encoding order. 


Table 1 Encoding Order 





Transfer Strobe (TxSTB) 

The TxSTB causes acknowledgement to be given to the 
peripheral controller and transfers the data to or from the 
memory. This line is also intended to be the VMA signal for the 
system in the DMA mode. In a one-channel system, may 
be inverted and run to the peripheral controller’s Acknowledge 
input. In a two or four-channel system, TxSTB enables the 
decode, of TxAKA and CS/TxAKB to select the device 
controller to be acknowledged. 
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Interrupt Request/DMA End (IRO/DEND) 

In the DMA mode, this dual purpose line is “Low” for the 
last byte of transfer, indicating a DMA End. This occurs when 
the Byte Count register decrements to zero. as. 

This line, through the decode of TxAKA and CS/TxAKB, 
can be used to strobe a DMA End to each device controller. 


e@ Address Lines to the Memory 


Address Lines (Ap ~A;5) 

These output lines are in the high impedance state during the 
MPU mode, In the DMA mode, these lines are outputs which are 
set to the contents of the Address Register of the channel being 
processed, 


@ THE DMAC REGISTERS 

The HD6844 (DMAC) has Address Register (ADR), Byte 
Count Register (BCR), Channel Control Register (CHCR), and 
General Control Register (GCR). 

General Control Register (GCR) is composed of Priority 
Control Register (PCR) that controls priority among the chan- 


nels, Interrupt Control Register (ICR) that controls interrupt 
and Data Chain Control Register (DCR) that controls data chain 
function. Refer to Table 2 and Figure 1. 

These are Read/Write registers and MPU can exchange the 
data with DMAC when CS is at “Low” level. Ag~Aq specifies 
the address of the registers. How to specify the registers is 
shown in Table 2. 

2-byte ADR and BCR can be read or written by one instruc- 
tion, using 2-byte instruction of the MPU. 


@ Function of Internal Registers 
ADR (Address Register) 

Each channel has 16-bit Address Register. Initial address of 
memory used for DMA transfer is programmed to this register. 
The contents of ADR are output to address bus (Ap~Ajs5) 
during DMA transfer operation. When 1-byte transfer has com- 
pleted, the 16-bit address is incremented or decremented by 


one. 

The address which the MPU reads out is the renewed one, 
that is, the memory address for the next transfer. When 1-block 
transfer has completed, final memory address +1 is read out. 


Table 2 Internal Registers of the DMAC 


Register Name Symbo! Channel 
ADRH 


ADRL 
BCRH 
BCRL 


ADRH 
ADRL 


BCRH 
BCRL 
ADRH 
ADRL 


BCRH 
BCRL 


ADRH 
ADRL 


BCRH 
BCRL 


Address Register 


Byte Count Register 


Address Register 


Byte Count Register 


Address Register 


Byte Count Register 


Address Register 


Byte Count Register 


hee i et a 


Channel Contro! Register 


Priority Control Register 
Interrupt Control Register 





Data Chain Control Register 


(NOTE) 


Address Bus Signal 


Address 


0 00 
0 01 
0 02 
0 03 
04 
05 
06 
07 
0 08 
0 09 
0 OA 
0 0B 


1) All the registers can be accessed by R/W operation. Unused bit of the register is read out “0’’. 


2) H/L of ADR and BCR means the higher (H) 8 bits/the lower (L) 8 bits of a 16-bit register. 
3) 16-bit ADR and BCR can be read or written by one instruction, using MPU’s 2-byte LOAD/STORE instruction. 


Register Address 
eg,LDX $ «+ OC 
Address of DMAC 


seresenevens (ADRH 3) — (Index Register H) 
(ADRL 3) > (Index Register L) 
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BCR (Byte Count Register) 

Each channel has a 16-bit Byte Count Register. Number of 
DMA transfer words is programmed into this register. The con- 
tent of the Byte Count Register is decremented by one everytime 
one-byte transfer has completed. When it becomes “0”, DEND 
output goes “Low” level and informs I/O controller of the end 
of one-block DMA transfer. When IRQ is not masked, IRQ out- 
put goes ‘“‘Low” level and MPU is interrupted to be informed of 
the end of DMA transfer. Moreover, IRQ and DEND signals are 
output, multiplexed with IRQ/DEND pin. 





CHCR (Channel Control Register) 
Each channel has Channel Control Register. This register is 


HD6844,HD68A44,HD68B44 


used to program the control information of its corresponding 
channel. Structure of CHCR is shown in Table 3. 


() 


R/W Control (specifies the direction of transfer) 
Bit — CHCR Bit 0 

This bit controls the direction of DMA transfer. When it 
is at “1”, R/W signal of DMAC goes “High” level during 
DMA transfer operation. This means to read out memory 
and write into I/O controller, that is, data is transferred 
from memory to I/O controller. 

When it is at “0”, R/W output goes “Low” level and 
data is transferred from I/O controller to memory. 


Table 3 Bit Structure of CHCR (Channel Control Register) 


Function 


Bit 
eee eee o 


paw mn | Transfer from memory Transfer from 1/O 
0 R/W R/W to 1/O controller controller to memory 
(R/W output = “High”) (R/W output = “Low”) 
i Cycle Stal Mode” 
2 HALT Mode* 
3 Address: +1 
4 | _Notued | - [| - | - 
pl Niu oo ee ee : 
@ | euvinessy Fin |_| (omareantr Operation) | _(NoDMA Tater Operation 


* Burst» TSC mode is prohibited. 


Note that during DMA transfer operation, the function of 
R/W signal is accommodated to the memory Read/Write 
operation. Therefore, on the side of I/O device during DMA 
transfer operation, R/W input should be interpreted in 
inverse of the MPU Read/Write. That is, data should be out- 
put when R/W input is at “Low” level (In the case of 
MPU’s read operation, I/O device outputs the data when it 
is at “High” level). 

This arises from that during DMA transfer operation, 
I/O side performs data transfer independently instead of 
MPU. Moreover, such family LSI as HD6843 (FDC), etc. 
has this function and R/W signal is automatically inter- 
preted inversely. 

(2) Burst/Cycle Steal Bit — CHCR Bit 1 

This bit is used to decide that DMA transfer should 
be performed in burst mode or cycle steal mode. When it 
is at “1”, it specifies burst mode. That is, once DMA trans- 
fer is performed, MPU remains stopped until one-block data 
transfer is completed. 

When this bit is ‘0’, it specifies cycle steal mode. That 
is, everytime one-byte transfer has completed, MPU takes 
back the bus control, and DMA transfer and MPU operation 
are performed in time sharing. 

(NOTE) Only in the case of HALT mode, burst mode can 
be specified. When TSC mode is specified, burst 
mode cannot be specified. 

(3) TSC/HALT Mode Bit — CHCR Bit 2 
This bit is used to decide that DMA transfer should be 


(4) 


(5) 


(6) 


performed by using MPU’s TSC function or HALT func- 
tion. When it is at 0”, DRQH output of DMAC is connect- 
ed to HALT input of MPU and DMA transfer is performed 
by using MPU’s HALT function. 

When it is at “1’’, DMA transfer is performed by using 
MPU’s TSC function. That is, DRQT output is connected to 
HD26501 (CPG) and MPU’s clock ¢, is extended. Then 
MPU’s TSC input becomes “‘High’’ level and the bus gets 
into high impedance state to perform DMA transfer. 
Address down/up Bit — CHCR Bit 3 

This bit is used to decide that the address of memory 
region used for DMA transfer should be renewed up (incre- 
ment of address) or down (decrement of address). When it 
is at “‘1’’, the address is decremented by one after one-byte 
transfer. When it is at ‘‘O’’, the address is incremented by 
one. 

Busy/Ready Flag Bit — CHCR Bit 6 

This bit is a status flag to indicate whether its corres- 
ponding channel is performing DMA transfer or not. 
(READ only) 

When it receives the first TxRQ of its corresponding 
channel, it goes to “1”. When one-block transfer is com- 
pleted and BCR becomes ‘‘0”, it is reset to ‘0’. 

Also this flag is cleared when corresponding TxRQ 
Enable Bit in the PCR becomes “0”. 

DEND Flag Bit — CHCR Bit 7 

This bit is an interrupt flag to indicate that one-block 

DMA transfer of its corresponding channel has completed. 
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(READ only). 

When one-block transfer of its corresponding channel is 
completed and BCR becomes “0”, it goes to “1”, As soon 
as this flag is read out, ie. CHCR of this channel is read 
out, it is reset to “0”, 

Moreover, this bit is connected to IRQ output. When it 
is at “1’? and IRQ enable bit (within ICR register described 





later) is at “1”, IRQ output goes “Low” level. 


PCR (Priority Control Register) 

Priority Control Register is a 5-bit register to decide the 
operation mode of priority control circuit. Structure of PCR is 
shown in Table 4. 


Table 4 Bit Structure of PCR (Priority Control Register) 


Bit 
No. | name | a | 
0 


TxRQ Enable #0 (TxENg) TxRQ of Channel 0 is accepted. 

TxRQ Enable #1 (TxEN,) TxRQ of Channel 1 is accepted. 

TxRQ Enable #2 (TxEN,) TxRQ of Channel 2 is accepted. 
TxRQ of Channel 3 is accepted. 


TxRQ Enable #3 (TxEN3;) 


Not used 


“S 1 Oto &)/ ay, NM] = 


Rotate Control 


a 


— 


TxRQ Enable Bit (TxXENo~TXEN3) — PCR Bit 0~3 

Each channel has this TxRQ Enable bit. When it is at 
“1”, TxRQ input of its corresponding channel is accepted 
to perform DMA transfer, When it goes to “0”’, TxRQ of its 
corresponding channel is masked not to be received and 
TxAK is not output. During DMA transfer operation, when 
this bit goes to “0”? before BCR becomes “‘0’’, following 
TxRQ input is not accepted and DMA transfer is inter- 
rupted. Then contents of ADR and BCR remain unchanged. 
When it rises to ‘1’? again, DMA transfer is reopened. 
Therefore, in the case of cycle steal DMA, it is possible for 
the program to change the priority of the specific channel 
temporarily by manipulating this bit. 

Rotate Control Bit — PCR Bit 7 

When this bit is at “0”, the order of priority among 
DMA channels is fixed at numerical order. That is, Channel 
0 is given a first priority and then is followed by Channel 
17233. 

When this bit is at “1’’, priority control is due to rotate 
mode. That is, the channel that ended in the first time is 
given a first priority and the channel ended in the last time 
is controlled to be given a last priority. 


(2 


— 


ICR (Interrupt Contro! Register) — 
Interrupt Control Register is a 5-bit register to control IRQ 
output. Its structure is shown in Table 5. 
(1) IRQ Enable Bit — ICR Bit 0~3, 
Each channel has [RQ Enable Bit. When this bit is at “1” 
and DEND Flag of its corresponding channel is set to “1”, 
IRQ output goes “Low” level. But when it is at “0”, IRQ 
output is masked not to be output even if DEND Flag is set 
to “1”, 
These bits enable to control to output only a necessary 
channel to IRQ. 
(2) IRQ Flag — ICR Bit 7 








Function 

“gr 
TxRQ of Channel 0 is not accepted. 
TxRQ of Channel 1 is not accepted. 
TxRQ of Channel 2 is not accepted. 
TxRQ of Channel 3 is not accepted. 


The order of priority is fixed at 
numerical order. 


This is a read-only bit and the status of IRQ output is 
directly reflected on it. That is, when IRQ output goes to 
“Low” level, it becomes “1”’. 

IRQ output of DMAC is output as logical OR of 4- 
channel DEND Flag according to the following equation. 
IRQ = (DEND, :IRQ Enable, ) + (DEND, ‘IRQ 

Enable, ) + (DEND, -IRQ Enable, ) + 
(DEND; -IRQ Enable; ) 


DCR (Data Chain Control Register) 

Data Chain Control Register is a 4-bit register and three of 
those bits are used to control data chain function. Remaining 
one bit is used to specify 2-channel/4-channel mode. 

Structure of DCR is shown in Table 6. 

(1) Data Chain Enable Bit — DCR Bit 0 
When this bit is at “1’’, data chain function of DMAC 
is enabled. That is, when DMA transfer of a specified chan- 
nel has completed and BCR goes to “0”, the contents of 
ADR and BCR of Channel #3 are automatically transferred 
to ADR and BCR of the specified channel. 
(2) Data Chain Channel Bit — DCR Bit 1~2 

These bits are used to specify which channel should 
be used for the data chain. How to specify the channel is 
shown in Table 7. Data Chain Channel bit specifies the 
channel to which data should be transfered from Channel 
#3. Channel #3 contains the data for replacement. Channel 
#3 is fixed and cannot be changed. 
2/4-channel Mode Bit — DCR Bit 3 

This bit has no relation to the data chain function. 

It is used to specify whether CS/TxAKB is used for only 
input pin or I/O pin. When this bit is “0”, CS/TxAKB be- 
comes C§ input pin in 2-channel mode since Tx AKB output 
is not necessary for application up to 2-channel. 

When this bit is “1”, CS/TxAKB becomes I/O pin in 
4-channel mode (See Fig. 11). 


GB 


— 
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Table 5 ICR (interrupt Control Register) 


Bit Function 
“9” 


output of Channel 0 is masked. 
re) 


2 

fo) 
D 
2 





Eas 
= 


{RO of Channel 0 is able to be output. | TRO 
{RO of Channel 1 is able to be output. | !RO 
IRQ of Channel 2 is able to be output. | {RO 
TRO of Channel 3 is able to be output. | [RO 


0 IRQ Enable #0 
IRQ Enable #1 
IRQ Enable #2 
IRQ Enable #3 


utput of Channel 1 is masked. 


Bs) 
: 
) 


Ps) 

z 

a 
° 


ol 
utput of Channel 2 is masked. 
output of Channel 3 is masked. 


he 


Not used 
IRQ Flag zs fRO output “Low” (RO output “High” (off state) 


N/Olo[( olny i 


Table 6 Bit Structure of DCR (Data Chain Control Register) 


Bit Function 
0 Data Chain Enable Data Chain is performed. Data Chain is not performed. 


R/W The channel which performs Data Chain is specified. 
(The channel where contents of ADR and BCR of Channel 
R/W #3 are loaded.) 


4-Channel Mode (CS/TxAKB is 2-Channel Mode (CS/TxAKB is 
2/4-Channel Mode 1/0 pin.) designated to only input pin.) 


Data Chain Channel 





NTOl[Op hl G@ | Ny i= 


Not used 4 
si 





Table 7 How to specify Data 
Chain Channel 







Specified 
Channel 


Channel! #0 
Channel #1 
Channel #2 









ee 


HD6844 (DMAC) 


DMA ; eee) 
Execution/ \Mode 


TTL Input 











---—-_ 





TxAKB 


H OGRNT 
ne (BA of MPU) 
' 
—=--- CS Input ’ Ge: Input 


open collector 
TTL output 


cs 


In CS input mode T1 turns ON and T2 turns OFF. T1 functions as pull-up resistance. 


Figure 11 How to Use CS/TxAKB Pin 
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@ Transfer Mode of the DMAC 

There, are three DMA transfer modes such as HALT Cycle 
Steal, HALT Burst and TSC Cycle Steal. Operation in each 
mode is explained in the following. 
HALT Cycle Steal Mode 

This is a basic DMA transfer mode. In this mode, everytime 
1-byte transfer has completed, MPU takes back the bus control 
and executes Instruction cycle. That is, DMA transfer and MPU 
operation are performed in time sharing. 

Timing chart is shown in Fig. 12 and flow chart is shown in 
Fig. 13. Procedure of transfer operation is the following. (No. 
@ ~ @ in Fig. 12 correspond to the following items.) 


@ TxRQo~TxRQ; input is checked at the rising edge of 
¢2DMA. When it is at “High” level, it gets into the following 
operation. 

@ DROH=“Low” is output and MPU is requested to stop its 
operation. 

@® TxAKA is driven (Level output). 

@ MPU stops its operation and DMAC waits until DGRNT goes 
to “High” level. 

® When DGRNT goes to “High” level, DMAC drives TxAKB, 
Ao~Ais and R/W lines. 

TxSTB is given to perform DMA transfer. 

@ Address is incremented by one and number of transfer words 
is decremented by one. 


Last vars of Instruction 
#2DMA 
t tani pales ® 
TxRQo ~T xRQ3 


— trast 


eS 


© When DROH rises to “High” level, MPU gets into Instruction 
Cycle again. 

® TxRQ falls to “Low” level. 

Ao ~Ajs and R/W get into high impedance state again. 

@ DGRNT falls to “Low” level. 


[Note] TxRQo~TxRQ; input is, in principle as shown in Fig. 
12, set to “High” on account of I/O request. When 
TxSTB of the DMAC is driven, it is reset to “Low”. 
Tes care not to be against this principle, or the follow- 
ing states may happen. 
(1) In the case where TxRQ becomes “High”, but it 
is reset to “Low’’ before DGRNT becomes “‘High”’. 
In this case, the DMAC is in the wait state without 
sending out TxSTB until TxRQ rises to “High” 
again. As DRQH remains “Low” the MPU is forced 
to be stopped, and the system is in dead lock state 
until TxRQ rises to “High” again (Fig. 14). 
(2) In the case where TxRQ is not reset to “Low” 
though TxSTB has been driven. 
In this case, unless TxRQ returns to ‘“‘Low”’ by the 
time ¢2DMA rises after TxSTB has risen to “High”, 
it is considered as a new I/O request, which leads 
the above-mentioned operation ©,@—>. 
If TxRQ falls to “Low” immediately after that, the 
same state as (1) happens (Fig. 15). 











Dead A Dead ica sae 








ARAL ' 

pret ee at tags 

DGRNT ! f ! ' OD) t 

(MPU BA) ' i vee tao! m—itan ; ; 

TxSTB ae TIVO. ST, 
m—mtnKo® | | Otro 
' 1 \ 

er SE eye tere e  TRE SGEE, F 
H ae on trkoi ' 

TxAKB Laan 

' ' ; t 

soueeee ma tas ri tan a trko2 i 

Seth ee ee ee 
‘ oy 1 taHo 

= ' 1 tatsai tp © = 
Ao~Ais,R/W oot ' ' 1 t 
(output) ™ Ptas™ PM tan, stare 


Ao~As, RY W MPU 
(input) 


Do~D7 (input) 


TRQ/ DEND 








e a) 

=", * . . - 
—_ s= 7 xe * ok 
tpep2 DMA END 


* [RG of another channel 
or its own IF IRQ (remaining) 
** Its own IRO (output) or 
its own IRQ (remaining) 
or IRQ of another channel 
*** This is the last cycle 
of transfer 


Figure 12 HALT Cycle Steal Mode 
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RESET 


Initial State wait 
for Programming 
BCR 4 “Oo” 


TxEN = ''1''? 


Wait for TxRQ 


input aa 
TxRQ = “High''? Checked f 
YES 


@20MA 


Wait for MPU 
Response 


Wait for 
TxRQ 
Input 


bbe Checked 


DMA Transfer _ 
(A,~A,,, R/W, TxSTB, 
TxAKA/B Output) 


Address: +1 Number 
of Transfer words: -1_ , 


TRG/DEND = “Low” 
Output 





Figure 13 Flow Chart of DMAC Operation 
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¢,DMA 


TxRQ 
DOGRNT 
TxSTB 


DRQH 


¢2DMA 


TxRQ 


DGRNT 
TxSTB 


DRQH 


= 


ice this period, both the MPU and the Ee) 


ice in the wait state. 


Figure 14 Extraordinary TxRQ Input (1) 
( tn the case where TxRQ is reset to ) 


( 


“Low” before the transfer 


( 


Figure 15 Extraordinary TxRQ tnput (2) 


in the case where TxRQ doesn’t fall to ‘‘Low” after 
the transfer has been completed. 
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Both the MPU and the DMAC are 
in the wait state until the 
next TxRQ input. 


) 








HALT Burst Mode 

In the case of cycle steal mode, MPU gets into Instruction 
Cycle everytime 1-byte transfer has completed. But in the case 
of burst mode, MPU remains stopped until 1-block transfer is 
finished. That is, DROQH continues to be output “Low” level 
until BCR becomes “0”. 

Its timing chart and flow chart are shown in Fig. 16 and Fig. 
13 respectively. Procedure of transfer is the following (No. © 
~ in Fig. 16 correspond to the following items). 

@TxRQ input is checked at the rising edge of 6. DMA. When 
it is at “High” level, it gest into the following operation. 

@ DRQH=“Low” level is given and MPU is requested to stop its 
operation. 

@® TxAKA is driven. 

@ MPU stops and DMAC waits for DGRNT rising “High” level. 

® When DGRNT rises “High” level, DMAC drives TXAKB, Ao 
~Aj,, and R/W lines. 

TXSTB is sent out to perform DMA transfer, 

@ Address is incremented by one and number of transfer 
words is decremented by one, 

TxRQ falls to “Low” level. 
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@® When BCR is not “0”, TxRQ is checked at the falling edge 
of ¢,DMA.When TxRQ is at “High” level, DMA transfer is 
performed through © ~ ® again. When TxRQ is not at 
_“High” level, DMAC waits for becoming “High” level. 

@ IRQ/DEND output goes to “Low” level. 

@ DRQH output rises to “High” level and MPU gets into 

Instruction Cycle again. 

@ Ao~Axs and R/W get into high impedance state. 

DGRNT falls to ‘“‘Low”’ level. 

The transfer of the first byte (©~ ©) is performed in the 
same way as that in cycle steal mode, But in the second-byte 
and subsequent transfer, TxRQ is checked at the falling edge of 
¢,DMA and if TxRQ is at ‘‘High” level, DMA transfer is per- 
formed at the following cycle. Therefore, a high-speed response 
(MAX. | byte/1 cycle) is feasible. 

In burst mode, TxRQ should be also, in principle, set to 
“High” when I/O request is asserted, and reset to “Low” when 
TxSTB goes to “Low”. If TxRQ is asserted as level input with- 
out being reset, DMA transfer is performed at all cycles of 
¢@, DMA since TxRQ is always at ‘‘High’’ level at the falling edge 
of ¢,DMA. Its example is shown in the second-byte and the 











@® When number of transfer words is 0, from @ to third-byte transfer in Fig. 16. 
operations are performed. 
First-byte Second-byte Final-byte 
MPU Dead [OMA =~ Dummy et OM At DMA “| Dead (SSE 
#2DMA 
coctet bare (P) ol ee at 
ee or =f lal ia ta aa a 
' a Yo-= Agu nteao | ' 
ORGH \\trave oe rs — 
' : ! : 
a Nee te tags 
(MPU BA) ! Dla ao Lys : 
TxSTB © cn) { mia) . ! 
' 7 \ 
—~ trols ' ‘= mtrep2 |! 
ene a 
Tx AKB = trko2 | oan te trkoy | 
(output) 1 a ET — = , a aay aa 
CS (input) H } a : 
_ taTsr ©=tap ~_ tap reas tatso } 
Ao~Ais, R/W ER ESD ; 
(output) vas | ® ' 
Ao~ As, RW n 
(input ) —~ tpep2 ste tpeoiies! toeo) —4 oS tpeo 
IRQZDEND: . Ssccescccviecenccesnecseuwcceug °° °2 78 8 ce fe ees. 





Figure 16 HALT Burst Mode 


TSC Cycle Steal Mode 

In the above-mentioned modes, DMA is performed by using 
the HALT function of the MPU. In TSC cycle steal mode, DMA 
is performed by using the TSC function of the MPU. 

Its timing chart and flow chart are shown in Fig. 17 and 
Fig. 13 respectively. 

Basic operation of the DMAC is the same as that in HALT 
cycle steal mode, but the detailed timing is different. The differ- 
ence is explained in the following. 

(1) DROQT is used instead of DRQH. 

(2) DRQT is connected to the CPG instead of the MPU. When 
DROQT goes to “Low”, MPU (¢,, $2) clock gets into an ex- 
tended state. 








@ HITACHI 


(3) DGRNT is connected to DGRNT of the CPG. DGRNT 
timing is different from that in HALT mode. (DGRNT is 
connected to BA of the MPU.) (The response time is quick. 
It is set at half-clock before BA and is reset at 1-clock 
before BA.) 

More detailed timing of DGRNT of the CPG shall be shown 
in the manual of the CPG. 

In TSC mode, there isn’t a burst mode. Because the MPU 
clock cannot be extended for a long time. When TSC mode is 
specified, DRQT returns to “High” and the MPU gets into the 
Instruction Cycle everytime 1-byte transfer has finished. 
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: ee Loe | 
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1 ' 1 \ 
CS(intput) f ' 
t 1 1 ' 
H 1 ‘ tatsr ty itatsp 
Ao~Ais, R/W ; '®, OMA ©_i Da 
(output) 1 = taHo ' 
' ‘ 
row ae, B/W Meu X MPU | << mPu 
(input) : ; y 1 
' 
' 
IRQ/DEND 





When IRQ is 
put out 


Figure 17 TSC Cycle Steal Mode 


@ Priority Control 
Basic priority Control 

There are two kinds of the DMAC priority control function. 
One is to mask TxRQ on each channel by TxRQ Enable bit. 
The other is priority-order-determining-circuit which the DMAC 
has as a hardware. 

Moreover, the priority- order- determining- circuit has two 
operation modes (the rotate mode and the normal mode). 

Structure of the priority control circuit is shown in Fig. 18. 
As shown in Fig. 18, TxRQ of the channel whose TxRQ Enable 
bit is at “1” level becomes an input of the priority-order-deter- 
mining-circuit. Then it is checked whether TxRQ is at “High” 
level or not. 
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(Note) In this case, ZERO flag needs to be at “1” level. ZERO 
flag will be described later. 

If one of TxRQ 9~TxRQ; is at ‘High’ level, its channel is 
selected, being given a first priority. Then it is latched by an 
executing-channel-number-latch-circuit to perform DMA trans- 
fer. Once an executing channel is determined and latched, it is 
unchanged until its DMA transfer has been completed. That is, 
the channel number strobe signal doesn’t go to “1” and the 
contents of the channel-number-latch-circuit are unchanged. In 
the cycle steal mode, the channel is fixed until 1-byte transfer 
has completed. In the burst mode, it is fixed until BCR becomes 


“Q” 
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TxRQ Enable Bit of PCR 






TxRQ, 
TxRQ, 
TxRQ, 


TxRQ, 


392 1 «0 
(From ZERO Flag) 
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Rotate Mode Bit 


Channel Number Strobe Signal (Synchronous with ¢, } 


The channel which Is 

1 | executing OMA transfer 
now becomes “1"’, 

2 All other lines sre 
at 0" level, 


= Executing-Channel-Number 


Latch-Circuit 


Figure 18 Structure of Priority Control Circuit 


Therefore, once a long-period DMA transfer of a channel is 
performed in the burst mode, other channels need to wait until 
it has completed even if they have higher priority than the chan- 
nel. Take much care to this point in designing response time to 
TxRQ of DMA channel, 

(Note) As explained above, TxRQ input is latched internally. So 


MPU 


¢, OMA 


once it is accepted and latched, the channel number cannot be 
changed even though it returns to “Low”. But as explained in 
HALT Cycle Steal Mode, DMA transfer is not performed unless 
TxRQ rises to “High” again. 

Strobe timing of executing-channel-number-latch-circuit is 
shown in Fig, 19. 


DMA MPU 


TxRQ, ~TxRQ, ee ey ees 








TxSTB \ / 
Strobe 
Grant signal 
of executing 
channel 
Strobe Strobe Strobe 
possible prohibited possible 
(Channel cannot 
be changed.) 
Strobe possible 


(But channel under executing 
DMA transfer is prohibited.) 


Figure 19 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the cycle steal mode) 


But, as shown in Fig. 19, only the channel under executing 
DMA transfer is prohibited to accept TxRQ during DMA trans- 
fer operation, in order that one more byte transfer may not be 


performed when the reset timing of TxRQ is delayed. Strobe 
timing in the burst mode is shown in Fig. 20. 
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coheed Ls eee eae Lae Ec 


rr eee an (OS (2a Ye a Us ee eee eee 











TxSTB 
iRO/DEND 
Strobe 
Grant signal 
of executing 
channel 
Strobe Strobe prohibited Strobe 
possible possible 
Strobe possible 
(But channe! under 
executing DMA transfer 
is prohibited.) 
Figure 20 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the burst mode) 
Rotate Mode which DMA was executed in the last sequence, is given a first 
There are two operation modes in priority-order-determining priority and the channel in the last sequence is given a last 


circuit, These are Normal Mode and Rotate Mode. In the normal priority. But immediately after it gets into the reset state, the 
mode, the order of priority is fixed at numerical order.(Channel _— order of priority is the following: Channel 0 > 1 > 23. 

0 is given a first priority and then is followed by Channel 1 > 2 An example of the rotate mode is shown in Fig. 21. 

> 3.) In the rotate mode, the channel next to the channel with 


Channel Number #0 #1 #2 #3 

1. Order of Priority 1 —~2 3 —4 
in the reset state 

4 
DMA transfer 

2. Order of Priority 3 74 71 2 ee umes 
immediately after atte? . 
Channel #1 has arin 
performed DMA J Piste 
transfer 


DMA transfer 


3. Order of Priority 4 > 1 2 +3 
immediately after 
Channel #0 has 
performed DMA 


transfer 
Figure 21 Example of Operation in the Rotate Mode 
Next, Fig. 22 shows an example of the difference between Moreover, BCR=2 and TxEN=1 are assumed. As a transfer 
the operation in the rotate mode and that in the normal mode. mode, HALT cycle steal mode is used. 


In this example, TxRQ of all channels is always at “High” level. 
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DMA Switching of Channel 


eas 


Channel 





Rotate Mode Normal Mode 
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Executing | xo] [#1 | [so } fer] [zt [eof [se] | #3} 
TRO/BEND LJ L_J L_J LJ 


executing [eo] Ter t  e2z] pes] feof fart eet fs | 
TRO/BEND eo el er Le 


(Note] Suppose that TxRQ, ~TxRQ, = “High”, BCR = 2 and TxEN, ~ TxEN, 
= ‘'1'" All channels are assumed to be in HALT cycle steal mode, 


Figure 22 Difference between the operation in the rotate 
mode and that in the normal mode 


The reason why the order of priority is not #0 > #0 > #1 
> #1 > —-—— in the normal mode is that during DMA transfer 
operation, TxRQ of an executing channe! is prohibited from 
being accepted, 


DMA Operation Timing with priority control 

When more than 2 channels perform DMA transfer in paral- 
lel, the abovementioned priority-order-determining-circuit is 
used to determine the priority. The channel with lower priority 
waits until the channel with higher priority completes the 
transfer. Then it gets into DMA transfer operation. In this case, 
The following combinations of transfer modes are conceivable. 
(1) From HALT mode to HALT mode (Fig. 23) 

(2) From TSC mode to TSC mode (Fig. 24) 
(3) From HALT mode to TSC ee (Fig. 25) 
(4) From TSC mode to HALT mode , 

In changing from HALT mode to HALT mode, only one 
dead cycle is intervened. That is, even in the cycle steal mode, 
DMA transfer of the next channel is performed without return- 
ing the bus control to the MPU (DRQH remains ““Low”). 

In changing from TSC mode to TSC mode, DMA transfer 





of the next channel is performed, after returning the bus control 
to MPU for one cycle, 

In the case of HALT > HALT, it doesn’t return the bus con- 
trol to MPU in order not to increase the response time of DMA 
transfer and dead cycles of the system. 

On the other hand, in the case of TSC > TSC mode, same 
mean cannot be applicable because MPU clock cannot remain 
stopped for a long time as in the case of HALT mode. 

Both in the case of HALT > TSC mode and in the case of 
TSC > HALT mode, DMA operation timing is based on the 
same idea as the above two kinds of mode change. (In detail, 
see Fig. 25). 

The timing in the case where the next byte is transfered with- 
out changing the channel is shown in Fig. 26. This is the case of 
HALT > HALT mode. In this case, the bus control returns to 
MPU, before the next byte is transfered. In the case of TSC > 
TSC mode, its timing is almost the same as than in Fig. 24, that 
is, after 1-byte transfer has completed, MPU executes the 
Instruction Cycle for one clock and then DMAC executes I-byte 
transfer again. 
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Figure 24 Channel Change (TSC Mode > TSC Mode) 
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Figure 25 Channel Change (HALT Mode > TSC Mode > HALT Mode) 


$2 DMA 
TxRQ 


DRQH 





DGRNT / \ es 
(BA) 
TxSTB 


* Executing Period of One Instruction 


Figure 26 Successive 2-byte Transfer of One Channel (HALT Cycle Steal Mode) 
HALT > HALT (by one channel) 
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@ Status Flag 

DMAC has BUSY Flag, DEND Flag and ZERO Flag on each 
channel, The former two of these flags can be read out by 
MPU, but ZERO Flag cannot be read out. Set and reset timing 
of each flag are shown in Fig. 27, 


BUSY/READY Flag 

This flag is set to ‘‘1” when it accepts the first-byte TXRQ 
of its corresponding channel. After 1-block transfer has com- 
pleted and BCR becomes “0”, it is reset to “0”. Therefore, 
while this flag is 1°’, that is, its corresponding channel is being 
used, the next block transfer cannot be performed. 


#2DMA 


TxRQ 
TxSTB | 


IRQ~ DEND 


BUSY/READY 






ZERO Flag 


MPU Write 
8cR BCR 


MPU Read 
CHCR 


A value that is not 0" is written Into BCR. 





Also this flag is cleared when corresponding TxRQ Enable 
Bit in the PCR becomes “0”. 
DEND Flag 

This is the interrupt flag to indicate the end of DMA trans- 
fer of its corresponding channel. After 1-block transfer has com- 
pleted and BCR becomes “0”, this flag is set to “1”. This flag is 
reset to “0” immediately after the Channel Control Register 
having this flag is read out. 


ZERO Flag 
This is the internal flag to indicate whether the data stored in 
the BCR is “0” or not (It cannot be read out), 


in the case where 
| 2 IRQ is masked. 


Flag | | 


CHCR that has the flag 
is read out, 


Figure 27 Timing of Status Flag (Suppose that BCR is 2 in the initial state) 


When BCR is “0”, ZERO Flag is “0”. When BCR is not “0”, 
itis 1", 

In the reset state, this flag is “O”. If data that is not “O” is 
written into BCR, this flag is set to “1. When BCR becomes 
“Q” after 1-block data transfer has completed, or MPU writes 
“Q” into BCR, this flag is reset to “0”. 

The function of ZERO Flag is to prohibit accepting TxRQ 
of its corresponding channel while this flag is “0” (that is, BCR 
is ‘‘0’) (See Fig. 18). While ZERO Flag is “0”, TxRQ is not 
accepted even if TxEN is ‘1’. This function avoids an false 
operation even if “High” input is provided to TxRQ before the 
initialization of the register. 

When RES pin goes to “Low’’, this flag becomes “‘0”’, but the 
number in BCR is not reset to “0”. Therefore, the state of this 
flag and BCR are not the same. In this case new data should be 
written into BCR (Then ZERO Flag becomes **1”’), 


@ DMA End Control 
Function of TRO/DEND Pin 

DMAC has IRQ output and DEND output to perform 
DMA End Control. These are multiplexed outputs to IRQ/ 





DEND pin. 

The function of DEND output is to inform I/O controller of 
the end of 1-block transfer. After 1-block transfer has been 
completed and BCR becomes “0”, DEND output provides 
“Low” pulse whose cycle is one clock, being synchronous with 
the final 1-byte data transfer. 4 channels have only one 
output in common, so each channel determines whether DEND 
output is its own output or not, combining with TxAK signal. 
When TxAK of the channel is “Low” and DEND is “Low”, 
it shows that the cycle is the last one of DMA (See Fig. 29 and 
30). 

The function of IRQ output is to inform MPU of the end of 
1-block transfer by interrupting it. As shown in Fig. 28, IRQ 
output is logical AND-OR of the interrupt flag (DEND Flag) 
and IRQ Enable bit of each channel. aan 

IRQ and DEND outputs are multiplexed. IRQ/DEND pin is 
used as DEND output during DMAC cycle and IRQ output 
during MPU cycle. Moreover, DGRNT signal separates DEND 
and IRQ by its “High” or “Low”. In detail, see Fig. 29 and 
Fig. 30. 
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Figure 28 Logic of (RO Output 
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Figure 29 Timing of TRO/DEND Output 
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Figure 30 How to Use IRG/DEND Output Signal 


Unusual DMA End 
Following section describes how to terminate or change 

normal sequence of DMA transfer. 

(1) When “0” is written into BCR 
When “0” is written into BCR before it becomes “0”, 
subsequent TxRQ are not accepted and this causes the ter- 
mination of the DMA transfer since the internal ZERO 
Flag is reset to ‘0’. In this case, note that DEND pulse is 
not provided, 

(2) When “1” is written into BCR 
When ‘‘1”, instead of “‘0”, is written into BCR, only the 
next TxRQ is accepted and !-byte DMA transfer is per- 
formed, In this case, DEND pulse is provided, being syn- 
chronous with the last transfer, 

(3) When another value is written into ADR & BCR during the 
transfer 
When the data in ADR & BCR are changed during the trans- 
fer, the following transfer is performed according to the 
change of the data. 

(4) When “0” is written into TXRQ Enable bit 
When TXEN is reset to ‘‘0” during the transfer, this causes 
TxRQ comes not to be accepted and the transfer halts, But 
the state is different from that in the case (1), the number 
in BCR remains unchanged. Therefore, when TxEN is set to 
“1” again, the transfer is performed again. 

(5) When RES pin is set to “Low” 
When RES is provided during the transfer, the transfer 
stops. 
Then all of the control registers and their internal flags are 
reset to “0”, But the data in ADR & BCR are not reset. 


(Supplement) 

It is only in the cycle steal mode that DMAC registers such as 
BCR and ADR can be read or written during the transfer. In the 
burst mode, it is usually impossible (But special external circuits 
enable it). 


® Data Chain Function 

The data chain function of DMAC is to transfer the contents 
of ADR & BCR of Channel #3 to ADR & BCR of a specified 
channel automatically and renew the data of them after the 
channel has completed 1-block transfer. 
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DCR specifies 
“the channel to 
which the contents 


Channel #3 has address 
and number of transfer 
words for the renewal, 


of Channel #3 are 
transfered, 


Figure 31 Data Chain Operation 


Its detailed timing is shown in Fig, 32 and Fig. 33. As shown 
in these figures the contents of ADR & BCR of Channel #3 
are transfered to the channel during the clock cycle next to the 
last one of 1-block transfer (which provides DEND pulse). Then 
DRQH or DRQT provides “Low” output for one more clock 
cycle than in the normal case. Therefore, MPU takes back the 
bus control again 1-clock later than in the normal case, that is, 
after the data renewal of the specified channel by the data 
chain from Channel #3. 

In the TSC mode, the stretching period of clockd, is longer 
than in the normal case. 

The contents of ADR & BCR of Channel #3 remain un- 
changed as long as new data are not written by MPU, even if 
the data chain is executed. 

As for DEND output, DEND Flag and BUSY Flag in the case 
of data chain execution, they function in the same way as in the 
normal case. They provide DEND pulse everytime 1-block trans- 
fer has completed, and then DEND Flag is set to “1°”. There- 
fore, in the case where more than 3-block data chain is needed, 
DEND Fiag is used for the execution. Its sequence is shown in 
Fig. 34. First, DEND Flag=“‘1” that shows the end of the first- 
block data chain is read out. Next, the data of ADR & BCR for 
the third-block data chain need to be written into Channel #3, 
in parallel with the execution of the second-block data chain. 
(This data chain is feasible only in the cycle steal mode.) 
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The contents of ADR & BCR 
of Channel #3 are transfered 
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Figure 32 Data Chain Operation (HALT Mode) 
Cycle under the execution of 
Data Chain 
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The contents of ADR & BCR of 
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to Channel a. 


Figure 33 Data Chain Operation (TSC Mode) 
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DEND 


DEND Flag 


BUSY Fiag 


Channel #3 


ADR : , 
Ben) Write Signal 


Read Signal 
of CHCR of the 
Specified Channel 


are written. 


Third Block —— 













The data of ADR & 
BCR for the fourth 
& block are written, 


The data of ADR & BCR 
for the third block 


Figure 34 Sequence of More than 3-block Data Chain 


= DMAC PROGRAMMING 


Preparation of a channel for a DMA transfer requires: 

1) Load the starting address into the Address Register. 

2i Load the number of bytes into the Byte Count Register. 

3) Program the Channel Control Register for the transfer 
characteristics: direction (bit 0), mode (bits 1 and 2), and 
the address update (bit 3). 

The channel is now configured. To enable the transfer 


request, set the appropriate enable bit (bits 0~3) of the Priority 
Control Register, as well as the Rotate Control bit. 

If an interrupt on DMA End is desired, the enable bit (bits 
0~3) of the Interrupt Control Register must be set. 

If data chaining for the channel is necessary, it is pro- 
grammed into the Data Chain Register and the appropriate 
data must be written into the Address and Byte Count Registers 
for channel #3. 


Table 8 DMAC Programming Model 


Register Content 

















‘ Address 
R t 
ie (Hex) Bit 7 pire | sts | sits | Bits | B2 | itt |  Bitd 
Channel 1x* DMA End | Busy/Ready | Not Used Not Used Address TSC/ Read/Write 
Control Flag Flag Up/Down Halt (R/W) 
(DEND) 
Priority 14 Rotate Not Used Not Used Not Used TxRQ TxRQ TxRQ TxRQ 
Control Control Enable #3 Enable #2 Enabte #1 Enable #0 
(TxEN3) (TxEN2) (TxEN1) (TxENO) 
Interrupt 15 {RaQ Not Used Not Used Not Used IRQ IRQ IRQ IRQ 
Contro} Flag Enable #3 Enable #2 Enable #1 Enable #0 
(1E3) (1E2) (1E1) (1E0) 
Data Chain 16 Not Used Not Used Not Used Not Used Two/Four Data Chain Data Chain Data Chain 
Channe! Channel Channel Enable 
Select (2/4) Select B Select A 


* The x represents the binary equivalent of the channel desired. 


A comparison of the response times and maximum transfer 
rates is shown in Table 9, The data are shown for a system 
clock rate of 1 MHz. 

The two 8-bit bytes that form the registers in Table 10 are 
placed in consecutive memory locations, making it very easy to 
use the MPU index register in programming them. 


used.) 
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an example of its maximum structure. (but only one DMAC is 
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Table 9 Maximum Transfer Speed & Response Time of the DMAC when t.ycg equals 1 psec. 


Mode 


HALT Cycle Steal 


[first byte [first byte 
HALT 
Burst since second 
byte 
TSC Cycle Steal 


TRO (Open Coltector) 





Figure 35 One Channel 


IRQ (Open Collector) 
DMA GRANT 
DEND, 


DEND, 


TxAK, 


TxAK, 





Figure 36 Two Channel 


Maximum Transfer 
Speed (usec/byte) 


(executing time of 
one instruction) + 3 


Response Time (usec) 











ee 
(executing time 
of one instruction) 3.5 + trosi 
+3.5 ~— tran 
1+ tras2 
3.5 — tron1 2.5 + traH1 


Table 10 Address and Byte Count Registers 


Address 


Channel (Hex) 


Register 









Address High 
Address Low 
Byte Count High 
Byte Count Low 


Address High 
Address Low 
Byte Count High 
Byte Count Low 


Address High 
Address Low 
Byte Count High 
Byte Count Low 


Address High 
Address Low 
Byte Count High 
Byte Count Low 







NNNN) == -| ooo 0° 








r~mMmOOloapowolwamslwn-o 





IRO (Open, Collector) 


DMA GRANT 


DEND, DEND, DEND, DEND, 





ip 
Collector) 


cS 


Figure 37 Four-Channel 
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Address Bus Data Bus VMA aa 
(16) (8) Rwy 





Do~Dr HM6810 
HDS800 


(MPU) 
RW (RAM) 


HM 68 10 
(RAM) 


Address 8 
Data Bus 


HD6843 
(FOC) 


R/W 


CS/ TxAKB 


Decoder 


Floppy Disk Drive 


Figure 38 Example of DMA System Structure (1) (minimum) 
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> 


B VMA 


Le 8 | ene eae ee eae ea en ee ae 
ee quc= E 













HD6800 
(MPU ) 





Address Bus 


HD6844 
(DMAC) 


CS/TxAKB 
TxRQo~ TxRQ: 
R/W 






$2 DMA 





* Open Collector 


Figure 39 Example of DMA System Structure (2) (maximum) 
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« APPENDIX 


Contents of the DMAC Registers 


(1) ADRO ~ ADR3 (Address Register) (1 ADR on each channel) 


ee a OER ee 


(2) BCRO ~ BCR3 (Byte Count Register) (i BCR on each channel) 


EE eee aares Se eZ 


(3) CHCRO ~ CHCR3 (Channel Control Register) (i CHCR on each channel) (6 bit x 4) 





7 0 
ore | sRY/A/A IO Bs [re 


empty 






Transfer 
Direction 


Transfer 
Mode 





Write 





Burst / Cycle steal 
HALT 


TSC Controt bit 








Address 
up/down “1 aes 
B/R Busy / Ready 


DEND OMA ENO / NOT END 





Status flag 





(4) PCR (Priority Control Register) (5 bit x 1) 














qe “QO” 


7 0 


#0 


TxRQ #1 
Enable 49 


#3 
Specify Rotate 





‘Enable/ Mask 


Rotate / Fixed 
















(5) ICR (interrupt Control Register) (5 bit x 1) 
7 , 0 , “gr 
3 if 
| VY A: |. |, [eo | * Ss aT 
ne _ . Enable / Mask 
#3 
IRQ Flag IRQ output / NOT IRQ output 


Status Flag 


(6) DCR (Data Chain Control Register) (4 bit x1) 







ooqee 





"0" 


7 0 









Specify 
Data Chain 





Executed / NOT executed 


secvom |} $9 2H 
Chain Channel 10 #3 > #2 


Specify 
4/2-Channel 
mode 






4-Channel mode / 2-channel mode 


680 @ HITACHI 





HD6845S, HD68A45S, 


HD68B45S 
CRTC (CRT Controller) 


The CRTC is a LSI controller which is designed to provide an 
interface for microcomputers to raster scan type CRT displays. 
The CRTC belongs to the HMCS6800 LSI Family and has full 
compatibility with MPU in both data lines and control lines. Its 
primary function is to generate timing signal which is necessary 
for raster scan type CRT display according to the specification 
programmed by MPU. The CRTC is also designed as a 
programmable controller, so applicable to wide-range CRT 
display from small low-functioning character display up to 
raster type full graphic display as well as large high-functioning 
limited graphic display. 
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® FEATURES 

@ Number of Displayed Characters on the Screen, Vertical 
Dot Format of One Character, Horizontal and Vertical 
Sync Signal, Display Timing Signal are Programmable 

@ 3.7 MHz High Speed Display Operation 

Line Buffer-less Refreshing 

14-bit Refresh Memory Address Output (16k Words 

max. Access) 

Programmable Interlace/Non-interlace Scan Mode 

Built-in Cursor Control Function 

Programmable Cursor Height and its Blink 

Built-in Light Pen Detection Function 

Paging and Scrolling Capability 

TTL Compatible 

Single +5V Power Supply 


@ SYSTEM BLOCK DIAGRAM 







Address Bus 
A~ Ass 





___. Data Bus 





HD6845S 


068458 
CRTC 









MA, ,[15) D, 

MA,,[16} cs 

MA, ;[17} RS 
DISPTMG[18] E 



























ee (Top View) 
vSYRC es ae ® ORDERING INFORMATION 
LPSTB Light Pen 
Coan —_ CRT Display 


HD6845S 
HD68A45S 
HD68B45S 
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3.7 MHz max. 
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Storage Temperature 
* With respect to Vgg (SYSTEM GND) 


[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded, Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= ABSOLUTE MAXIMUM RATINGS 






Supply Voltage 
Input Voltage 
Operating Temperature 














@ RECOMMENDED OPERATING CONDITIONS 







Supply Voltage 






Input Voltage 


Operating Temperature 
* With respect to Vgg (SYSTEM GND) 





m ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


item | Symbol | _—TestCondition =| smin_ | typ" | max | Unit 
Input “High” Voltage Vin ae as ee ee a ee 
Input “Low” Voltage Vin es eS 
Input Leakage Current lin Vin = 0~ 5.25V (Except Do~D-,) | -25 | -— | 25 | BA 


Three-State Input Current ' Vin =0.4~ 2.4V A 
(off-state) Ts! Veg = 5.25V (Do~ Dy) . 


eee 





Dy ~D, pF 


5 
Output Capacitance Vin =OV, Ta = 25°C, f = 1.0 MHz pF 


* Ta = 25°C, Veg = 5.0V 


Input Capacitance Cin 
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@ AC CHARACTERISTICS (Vcc = 5V +5%, Veg = OV, Ta = -20~+75°C, unless otherwise noted.) 


1. TIMING OF CRTC SIGNAL 


|__Symbot___| Test Condition | min | typ | max_| 


Item Unit 
Clock Cycle Time | 2700—C—~dTC S| CK Ts 
Clock “‘High’’ Pulse Width | PWon ee ee ee ns 
Clock “Low” Pulse Width | - | - | as 
Rise andFall Time for Clock Input ter, tor | - | 20 | ns 
Memory Address Delay Time tuap | -—- | = | 160 | ns 
Raster Address Delay Time trap | = - [| - | 160 | ns 
DISPTMG Delay Time tote | - ~~ 6d| - ~6d| 0s 
CUDISP Delay Time tepp | - | - [ wo | ons 
Horizontal Syne Delay Time | - | = | 200 | ns 
Vertical Sync Delay Time tysp a ee ns 
Light Pen Strobe Pulse Width | @ | - | - | + 
Light Pen Strobe trep1 fF - | 70 | ns 


Uncertain Time of Acceptance 


2. MPU READ TIMING 


Item 


Enable Cycle Time 
Enable “High’’ Pulse Width 
Enable “Low” Pulse Width 


teyce 
PWey 








“Enable Rise and Fall Time ter, tes 
Address Set Up Time tas 
Data Delay Time 
Data Hold Time 
Address Hold Time 
Data Access Time 

3. MPU WRITE TIMING 

Item Symbol 

Enable Cycle Time teyce 
Enable ‘‘High’”’ Pulse Width PWey 
Enable “Low” Pulse Width PWe,. 
Enable Rise and Fall Time te, tes 
Address Set Up Time t ne | 
Data Set Up Time tosw 





Data Hold Time 
Address Hold Time 


ty 
tan 


Reena ees HD68A45S ares 
yin ence 


Fig. 2 





ea Ae a 
reas | [- fozeo| [= po2z— [— 
ro.ao | — [| — Jo200[- | - [02] -|—- | 
Si ee ae 
Pus: ims | a oe ovo ee 
[= [sot -[- fem | — [100 [ne 
Pee en = ao ee 
a ee 
== [aso ff = [360 [= [280 |e 

—_ HD6845S HD68A45S 
= = ee = | = oe ae 
poas | | — [o2sof —  — [02 | - | — bas 
roao] - | - ozot- | —- fou} —-)- | s 
EC ee ee ee ee 
ee ee ee 
re ee eee 
ns 
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teyec 
2.0V 2.0V PWet 
0.8V 0.8V 08V 
CLK PW cH 
ter ter 
0.4V 
MA, ~MA,, 
tMaD 
2.4V 
0.4V 
RA, ~RA, 
trap trRaD 
0.4V 
DISPTMG 
toto 
0.4V 

CUDISP 

tepp 

2.4V 
0.4V 
HSYNC 
VSYNC 
tusb tHsp 
tvsp tvsp 
2.0V 2.0V 
PWheH 
LPSTB 


This Figure shows the relation in time between 
CLK signal and each output signals. Output 
sequence is shown in Figs. 10~15. 


Figure 1 Time Chart of the CRTC 
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*LPO2—— je tLpp1 


CLK 0.8V 0.8V 


LPSTB Oey a ee 
2.0V \ 
LPSTB 





ei / When LPSTB rises in this period, ; 
Refresh Memory Address “2 
is set into the light pen register. 


tLep1.tLpp2 : LPSTB’s uncertain time of acceptance. 


Figure 2 LPSTB Input Timing & Refresh Memory Address that is set into the light pen register. 














Figure 3 Read Sequence 
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Teyce 


PWenH 


tas 


cs _- 
R/W 
RS (Address 

Register) 


(Control Register) 





oe a 
RS 


PWe_——~ 


0.8V 0.8V 


tet 


Figure 4 Write Sequence 


5.0V 


Test Point 





RL= 2.4k2 


C = 130pF (D,~D,) 

= 30pF (Output signals except D, ~D,) 
R = 11k2 (D,~D,) 

= 24k2 (Output signals except D, ~D,) 


D, ~D, are 182074) or equivalent. 


Figure 5 Test Loads 


® SYSTEM DESCRIPTION 

The CRTC is a LSI which is connected with MPU and CRT 
display device to control CRT display. The CRTC consists of 
internal register group, horizontal and vertical timing circuits, 
linear address generator, cursor control circuit, and light pen 
detection circuit. Horizontal and vertical timing circuit generate 
RAy~RA,, DISPTMG, HSYNC, and VSYNC. RAp~RAg are 
raster address signals and used as input signals for Character 
Generator. DISPTMG, HSYNC, and VSYNC signals are received 
by video control circuit. This horizontal and vertical timing 
circuit consists of internal counter and comparator circuit. 


Linear address generator generates refresh memory address MAo 
~MA,; to be used for refreshing the screen. By these address 
signals, refresh memory is accessed periodically. As 14 refresh 
memory address signals are prepared, 16k words max are 
accessible. Moreover, the use of start address register enables 
paging and scrolling. Light pen detection circuit detects light 
pen position on the screen. When light pen strobe signal is 
received, light pen register memorizes linear address generated 
by linear address generator in order to memorize where light 
pen is on the screen. Cursor control circuit controls the position 
of cursor, its height, and its blink. 
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__. see N ig te D,~D 
Vec Vss_ RES R/WE CSRS 2° 7 


Address Register 
& R/W Control 


CLK i Horizontal Displayed 
Horizontal Total 
Register 


| 













Horizontal Sync 
Position Register 


HSYNC 





CE MR 
CK Horizontal Syne 
Width Counter 





Width Register 












Vertical Displayed 
Register 


Vertical Total 
Register 


8 | Vertical Total Adjust 
L_ | Register ae 
Skew 
ee 
jit} 7 Vertical Sync 

Position Register 


Start Address 
Register 
Cursor Start 
Cursor Skew : 
eanai Control CUDISP 
je——_t_ Cursor End 
Raster Register 


ee ee Cc 
So ae TS ee VSYNC 
























Linear Address NT 
CK Generator | 
















RA, ~ a : interlace & Skew 
RA, Register 
R16} Light Pen Py 
R17| Register 
SYNC Set 
LPSTB: | 





MA,~MA,; 
Figure 6 Interna! Block Diagram of the CRTC 
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e FUNCTION OF SIGNAL LINE 
The CRTC provides 13 interface signals to MPU and 25 
interface signals to CRT display. 


@ Interface Signals to MPU 
Bi-directional Data Bus (Dp ~D-) 

Bi-directional data bus(Dp~D-) are used for data transfer 
between the CRTC and MPU. The data bus outputs are 3-stete 
buffers and remain in the high-impedance state except when 
MPU performs a CRTC read operation. 


Read/Write (R/W) 

R/W signal controls the direction of data transfer between 
the CRTC and MPU. When R/W is at “High” level, data of 
CRTC is transfered to MPU. When R/W is at “Low” level, data 
of MPU is transfered to CRTC. 


Chip Select (CS) =e 

Chip Select signal (CS) is used to address the CRTC. When 
CS is at “Low” level, it enables R/W operation to CRTC internal 
registers. Normally this signal is derived from decoded address 
signal of MPU under the condition that VMA signal of MPU is at 
“High” level. 


Register Select (RS) 

Register Select signal (RS) is used to select the address 
register and 18 control registers of the CRTC. When RS is at 
“Low” level, the address register is selected and when RS is at 
“High” level, control registers are selected. This signal is 
normally a derivative of the lowest bit (AO) of MPU address bus. 


Enable(E) 

Enable signal (E) is used as strobe signal in MPU R/W 
operation with the CRTC internal registers. This signal is 
normally a derivative of the HMCS6800 System ¢, clock. 


Reset (RES) 
Reset signal (RES) is an input signal used to reset the CRTC. 
When RES is at “Low” level, it forces the CRTC into the 
following status. 
1) All the counters in the CRTC are cleared and the device 
stops the display operation. 
2) All the outputs go down to “Low” level. 
3) Control registers in the CRTC are not affected and remain 
unchanged. 
This signal is different from other HMCS6800 family LSIs in the 
following functions and has restrictions for usage. 
1) RES signal has capability of reset function only when 
LPSTB is at “‘Low” level. - 
2) The CRTC starts the display operation immediately after 
RES signal goes “High”. 


@ Interface Signals to CRT Display Device 
Character Clock (CLK) 

CLK is a standard clock input signal which defines character 
timing for the CRTC display operation. This signal is normally 
derived from the external high-speed dot timing logic. 


Horizontal Sync (HSYNC) 
HSYNC is an active “High” level signal which provides 
horizontal synchronization for display device. 


Vertical Sync (VSYNC) 
VSYNC is an active “High” level signal which provides verti- 
cal synchronization for display device. 


Display Timing (DISPTMG) 

DISPTMG is an active “High” level signal which defines the 
display period in horizontal and vertical raster scanning. It is 
necessary to enable video signal only when DISPTMG is at 
“High” level. 


Refresh Memory Address (MA) ~MA,;3) 

MAy~MAj3 are refresh memory address signals which are 
used to access to refresh memory in order to refresh the CRT 
screen periodically. These outputs enables 16k words max. 
refresh memory access. So, for instance, these are applicable up 
to 2000 characters/screen and 8-page system. 


Raster Address (RAy~RA,) 

RAy~RAg are raster address signals which are used to select 
the raster of the character generator or graphic pattern 
generator etc. 


Cursor Display (CUDISP) 

CUDISP is an active ‘“High’’ level video signal which is used 
to display the cursor on the CRT screen. This output is in- 
hibited while DISPTMG is at “Low” level. Normally this output 
is mixed with video signal and provided to the CRT display 
device. 

Light Pen Strobe (LPSTB) 

LPSTB is an active “High” level input signal which accepts 
strobe pulse detected by the light pen and control circuit. When 
this signal is activated, the refresh memory address (MAp~ 
MA,3) which are shown in Fig. 2 are stored in the 14-bit light 
pen register. The stored refresh memory address need to be 
corrected in software, taking the delay time of the display 
device, light pen, and light pen control circuits into account. 
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Table 1 Internal Registers Assignment 











P=) 


Cursor Start Raster 








xe 
ao aan 
Cee bs 
a eee 


SCRE BE 86 
eal = 





~ 
ca 


sfeferveel ne fee [ 


ote fo tt 
eee 








es 
eee 


ETS Sa a 


[NOTE] 1. The Registers marked +: (Written Vatue) = (Specified Value) ~ 1 
2. Writ ten Value of RO is ment ned b 
1 erla le 
\aitedibs e Sync | re Vaan cieadiomaaen 


2h: Interlace Syne & Video Mod 


n Value Nr) = seoen ied Value) - 2 
3. oF nd C1 specify skew of CUDISP.o cunts igna 
and 


D1 spec cify skew chars palate output s ite al. 
When's 1s "1", V specifies video mode. Ss 


a 

lu al Sync Signa’ 
6. RO is ordinally programmed to be odd number in interlace m 
7. ©; Yes, x; No 


specifie s the Interilace Sync Mode. 
k period, 


whO 
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©@ Address Register (AR) 

This is a 5-bit register used to select 18 internal control 
registers (RO~R17). Its contents are the address of one of 18 
internal control registers. Programming the data from 18 to 31 
produces no results. Access to RO~R17 requires, first of all, to 
write the address of corresponding control register into this 
register. When RS and CS are at “Low” level, this register is 
selected. 


® Horizontal Total Register (RO) 

This is a register used to program total number of horizontal 
characters per line including the retrace period. The data is 8-bit 
and its value should be programmed according to the specifi- 
cation of the CRT. When M is total number of characters, (M-1) 
shall be programmed to this register. When programming for 
interlace mode, M must be even. 


® Horizontal Displayed Register (R1) 

This is a register used to program the number of horizontal 
displayed characters per line. Data is 8-bit and any number that 
is smaller than that of horizontal total characters can be 
programmed. 


® Horizontal Sync Position Register (R2) 

This is a register used to program horizontal sync position as 
multiples of the character clock period. Data is 8-bit and any 
number that is lower than the horizontal total number can be 
programmed. When H is character number of horizontal Sync 
Position, (H-1) shall be programmed to this register. When pro- 
grammed value of this register is increased, the display position 
on the CRT screen is shifted to the left. When programmed 
value is decreased, the position is shifted to the right. Therefore, 
the optimum horizontal position can be determined by this 
value. 

@ Sync Width Register (R3) 

This is a register used to program the horizontal sync pulse 
width and the vertical sync pulse width. The horizontal sync 
pulse width is programmed in the lower 4-bit as multiples of the 
character clock period. “0” cannot be programmed. The 
vertical sync pulse width is programmed in higher 4-bit as 
multiples of the raster period. When “0” is programmed in 
higher 4-bit, 16 raster period (16H) is specified. 


© Vertical Total Register (R4) 

This is a register used to program total number of lines per 
frame including vertical retrace period. The data is within 7-bit 
and its value should be programmed according to the specifica- 
tion of the CRTC. When N is total number of lines, (N-1) shall 
be programmed to this register. 


@ Vertical Total Adjust Register (R5) 

This is a register used to program the optimum number to 
adjust total number of rasters per field. This register enables to 
decide the number of vertical deflection frequency more 
strictly. 


@ Vertical Displayed Register (R6) 

This is a register used to program the number of displayed 
character rows on the CRT screen. Data is 7-bit and any number 
that is smaller than that of vertical total characters can be 
programmed. 


Table 2 Pulse Width of Vertical Syne Signal 
VSW . 









Pulse Width 












0 0 0 0 16H 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 0 1 13 
1 1 1 0 14 
1 1 1 1 

H; Raster period 


Table 3 Pulse Width of Horizontal Sync Signal 






Pulse Width 








0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 





CH; Character clock period 
(Note) HSW= “0” cannot be used. 
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®@ Vertical Sync Position Register (R7) 

This is a register used to program the vertical sync position 
on the screen as multiples of the horizontal character line peri- 
od, Data is 7-bit and any number that is equal to or less than 
vertical total characters can be programmed. When V is charac- 
ter number of vertical sync position, (V-1) shall be programmed 
to this register, When programmed value of this register is in- 
creased, the display position is shifted up. When programmed 
value is decreased, the position is shifted down. Therefore, the 
optimum vertical position may be determined by this value. 


@ Interlace and Skew Register (R8) 
This is a register used to program raster scan mode and skew 
(delay) of CUDISP signal and DISPTMG signal. 
interlace Mode Program Bit (V, S) 
Raster scan mode is programmed in the V, S bit. 


Table 4 Interlace Mode (2!, 2°) 





Raster Scan Mode 










} Non-interlace Mode 


Interlace Sync Mode 
Interlace Sync & Video Mode 


In the non-interlace mode, the rasters of even number 
field and odd number field are scanned duplicatedly. In the 
interlace sync mode, the rasters of odd number field are 
scanned in the middle of even number field. Then it is 
controlled to display the same character pattern in two 
fields. In the interlace sync and video mode, the raster scan 
method is the same as the interlace sync mode, but it is 
controlled to display different character pattern in two field. 


Skew Program Bit (C1, CO, D1, DO) 
These are used to program the skew (delay) of CUDISP 
signal and DISPTMG signal. 
Skew of these two kinds of signals are programmed 
separately. 


Table 5 DISPTMG Skew Bit (2°, 2*) 








DISPTMG Signal 
Non-skew 
One-character skew 
Two-character skew 


--00 
- oO - Oo 


Non-output 


Table 6 Cursor Skew Bit (27, 2°) 








Non-skew 
Non-skew 
One-character skew 
Two-character skew 


-_- = © 0 
- O- Oo 


Non-output 
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Skew function is used to delay the output timing of 
CUDISP and DISPTMG signals in LSI for the time to access 
refresh memory, character generator or pattern generator, 
and to make the same phase with serial video signal. 


@ Maximum Raster Address Register (R9) 

This is a register used to program maximum raster address 
within 5-bit. This register defines total number of rasters per 
character including space. This register is programmed as fol- 
lows. 

Non-interlace Mode, Interlace Sync Mode 

When total number of rasters is RN, (RN-1) shall be 
programmed. 

Interface Sync & Video Mode 

When total number of rasters is RN, (RN-2) shall be 
programmed. 


This manual defines total number of rasters in non-interlace 
mode, interlace sync mode and interlace sync & video mode as 
follows: 


Non-interlace Mode 


0 Total Number of Rasters 5 

1 Programmed Value Nr = 4 

2 The same as displayed 
3 total number of rasters 
4 — 

Raster Address 


interlace Sync Mode 
0 Total Number of Rasters 5 
cere eee ee eeee 0 Programmed Value Nr = 4 
 ecaRT ERE ERA In the interlace sync mode, 
2——____-_——- total number of rasters in 
3 both the even and odd fields 
4 is ten. On programming, 


Sigectegeeeaet 4 the half of it is defined as 

Raster Address total number of rasters. 
interlace Sync & Video Mode 
0 ———_————___ Total Number of Rasters 5 
9 iit" | Programmed Value Nr = 3 
ee 3 Total number of rasters 
displayed in the even field 

Raster Address and the odd field. 


@ Cursor Start Raster Register (R10) 

This is a register used to program the cursor start raster 
address by lower 5-bit (2°~2*) and the cursor display mode by 
higher 2-bit (25 , 2°). 


Table 7 Cursor Display Mode (2°, 2°) 





Cursor Display Mode 
Non-blink 
Cursor Non-display 
Blink, 16 Field Period 
Blink, 32 Field Period 





















Blink Period 


| light dark 
No ha ey 
16 or 32 Field Period 
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@ Cursor End Raster Register (R11) 
This is register used to program the cursor end raster address. 


© Start Address Register (R12, R13) 

These are used to program the first address of refresh 
memory to read out. 

Paging and scrolling is easily performed using this register. 
This register can be read but the higher 2-bit (2°, 27) of R12 are 
always “0”. 


© Cursor Register (R14, R15) 


These two read/write registers stores the cursor location. The 
higher 2-bit (2°, 27) of R14 are always “0”. 


® Light Pen Register (R16, R17) 

These read only registers are used to catch the detection 
address of the light pen. The higher 2-bit (2°, 2”) of R16 are 
always “‘0”. Its value needs to be corrected by software because 
there is time delay from address output of the CRTC to signal 
input LPSTB pin of the CRTC in the process that raster is lit 
after address output and light pen detects it. Moreover, delay 
time shown in Fig. 2 needs to be taken into account. 





Restriction on Programming Internal Register 

1) 0<Nhd<Nht + 1 $256 

2) O<Nvd <Nvt +1 [128 

3) 0 SNhsp SNht 

4) 0S Nvsp SNvt* 

5) 0 < NcsTart = NcCEND & Nr (Non-interlace, Interlace sync 
mode 
os ee <= NceEnp <= Nr + 1 (Interlace sync & video 
mode) 





6) 2=Nr $30 
7) 3 SNht ead non-interlace mode) 
5 SNht (Non-interlace mode only) 


* In the interlace mode, pulse width is changed +% raster time when 
vertical sync signal extends over two fields. 


Notes for Use 

The method of directly using the value programmed in the 
internal register of LSI for controlling the CRT is adopted. 
Consequently, the display may flicker on the screen when the 
contents of the registers are changed from bus side asyncronous- 
ly with the display operation. 
Cursor Register 

Writing into this register at frequent intervals for moving the 
cursor should be performed during horizontal and vertical 
retrace period. 
Start Address Register 

Writing into the start address register at frequent intervals for 
scrolling and paging should be performed during horizontal and 
vertical display period. 

It is desirable to avoid programming other registers during 
display operation. 





® OPERATION OF THE CRTC 


@ Time Chart of CRT Interface Signals 

The following example shows the display operation in which 
values of Table 8 are programmed to the CRTC internal 
registers. Fig. 7 shows the CRT screen format. Fig. 10 shows the 
time chart of signals output from the CRTC. 


, Number of Horizontal Total Characters (Nht + Ney 






Max. Raster Address (Nr + 1) 


Number of Verticai Displayed 


rs 
” 
- 
a 
od 
(3) 
cs] 
he 
© 
x= 
S) 


Number of Vertical Total Chracters (Nvt + 1) 


Vertical Retrace Period 


Vertical Total Adjust (Nadj) 


Display Period 


77 Number of Horizontal Displayed Characters (Nhd) —-———_ 





Horizontat 
Retrace 
Period 


Figure 7 CRT screen Format 
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Table 8 Programmed Values into the Registers 





Register 













RO Horizontal Total 

R1 Horizontal Displayed Nhd 

R2 Horizontal Sync Position Nhsp 

R3 Sync Width Nvsw, Nhsw 

R4 Vertical Total Nvt 

R5 Vertical Total Adjust Nadj 

R6 Vertical Displayed Nvd 

R7 Vertical Sync Position Nvsp 
Interlace & Skew 





[NOTE] Nhd<Nht, Nvd<Nvt 


The relation between values of Refresh Memory Address 
(MA ~ MA; ) and Raster Address (RAp ~RA, ) and the display 
position on the screen is shown in Fig. 16. Fig. 16 shows the 
case where the value of Start Address is 0. 


® Interlace Control 

Fig. 8 shows an example where the same character is 
displayed in the non-interlace mode, interlace sync mode, and 
video mode. 
Non-interlace Mode Display 


Non-interlace Mode 


0 

~ Qe ---------- o-1 
2 

Was favaaiereioneocy 
e-3— @-@ -0-0-06--5 
cs: arenas ae 
~-@----- ------- o---9 
Ee esa eee ag: 
Cees o--1 
2 

fos cunt anata o--3 
Rae tis @-0-06-0-0--5 
-~O- --- - ee ee ee -— 
seme fe 
jee ee 
meer le eer re mn --B 


Interlace Sync & Video Mode 
(Total number of rasters in a line is even.) 










line #0 


line #1 












RQ Max. Raster Address Nr 
R10 Cursor Start Raster 
R11 Cursor End Raster 
R12 Start Address (H) 0 
R13 Start Address (L) 0 
R14 Cursor (H) 

Cursor (L) 

Light Pen (H) 





Light Pen (L) 


In non-interlace mode, each field is scanned duplicatedly. 
The values of raster addresses (RAy~RAg) are counted up one 
from 0. 

Interlace Sync Mode Display 

In the interlace sync mode, raster addressed in the even field 
and the odd field are the same as addressed in the noninterlace 
mode. One character pattern is displayed mutually and its dis- 
played position in the odd field is set at 1/2 raster space down 
from that in the even field. 





iotoawei ooewes Sees 0 
1—-—-___—__-—-9--— 
-~Q@-----------©0--1 
2 —_e—-—_—_-—-—-—__o~— 
ane meee ene ee e--2 
a eg 
Picks moeciea nese: O--3 
—~g——__--~_____9-— 
segs ae S O--4 
ae a -9-0- 0-0 0--5 
a Secs O--6 
—_@—-———————_—_——_--—- 
8 Qn - me eneee- o--7 
—_-9—--_______--—__o—_ 
938 woe ote @--8 
—_@—___________9—. 
--@ ---------- D> -- 
az : 
i Sak — 
oti Ss La Sl Malle" ap, Sn pg: in. San B 
Interlace Sync Mode 
0 
Monks eeiniareaneeuais, Sing | 
—o---—___-_---—___@—- 
--@-----------©-- 3 
—o---_---------—-9— 
fe Gh ne ieee 2 5 | line #09 
8 
A 
1--—-3o-- 0 —- 
eee et oe 2 
Se 
ie 6 gig Se B= 4 hhine #1 
ato) ceaeen oper abate ca 
go aaa eee 
“meme en oe we = ------A 


Interlace Sync & Video Mode 
(Total number of rasters in a line is odd.) 


Figure 8 Example of Raster Scan Display 
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interlace Sync & Video Mode Display 

In interlace sync & video mode, the output raster address 
when the number of rasters is even is different from that when 
the number of rasters is odd. 


Table 9 The Output of Raster Address in 
Interlace Sync & Video Mode 


Even Address 


Even Address 
Odd Line* Odd Address 


* Internal line address begins from 0. 













Total 
Number of 
Rasters in a Line 


Odd Field 










Odd Address 
Odd Address 
Even Address 






1) Total number of rasters in a line is even; 

When number of rasters is programmed to be even, even 
raster address is output in the even field and odd raster address 
is output in the odd field. 

2) Total number of rasters in a line is odd; 

When total number of rasters is programmed to be odd, odd 
and even addresses are reversed according to the odd and even 
lines in each field. In this case, the difference in numbers of dots 
displayed between even field and odd field is usually smaller the 
case of 1). Then interlace can be displayed more stably. 
[NOTE] The wide disparity of dots between number of dots 

between even field and odd field influences beam 
current of CRT. CRT, which has a stable high-voltage 
part, can make interlace display normal. On the con- 
trary, CRT, which has unstable high-voltage part, 
moves deflection angle of beam current and also dots 
displayed in the even and odd fields may be shifted. 
Characters appears distroting on a border of the 
screen. So 2) programming has an effect to decrease 
such evil influences as mentioned above. Fig. 13 
shows fine chart in each mode when interlace is 
performed. 


@ Cursor Control 

Fig. 9 shows the display patterns. where each value is 
programmed to the cursor start raster register and the cursor 
end raster register. Programmed values to the cursor start raster 
register and the cursor end raster register need to be under the 
following condition. 

Cursor Start Raster Register SCursor End Raster Register © 

Maximum Raster Address Register. 

Time chart of CUDISP output signal is shown in Fig. 14 and 
Fig. 15. 





(0) 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9-< 
10 10-€ 
Cursor Start Address = 9 Cursor Start Address = 9 
Cursor End Address = 9 Cursor End Address = 10 


—_ 
SC O9 MONAT HAWN O 





Cursor Start Address = 1 
Cursor End Address = 5 


Figure 9 Cursor Control 
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Character Clock Period Number of Horizontat Displayed Characters 


T 
Cc Number of Horizontal Totat Characters 


Eee arom area! Sane Ea 


es Horizontal Sync Position 


Nhd-? = Nhd Nhsp = Nhsp + 7 Nht te) 1 2 


cuxK Sekar ereeres fe i ee 


Horizontal Display Period iene 


/ 


DISPTMG 


Horizontal Retrace Period 





Nhsw- To 





Nhsp- Tc 


HSYNC 
ma WOE OCC IIIT EEXIIOCEIIIN 


RA,~RA, 


3 €2 ED Co eC aD GEE 











= Raster Period Tr 








eee ee U U U ae 
hi 
aa on) Nna+2 


ee AUTEM 3 oct Uo cee oo eee I i st 
me) © CD Gees © Oe SC C) AEDS & 


RA, ~RA, 














Maximum Raster Address 


Line 








“Line Period Ty 

















Frame Period Team ~ = 












Number of Vertical 
Total Characters 


® 
SUC 


See Fig. 12 








we ofr te tT 
Number of Vertical Ossplayed Characters 
ear er Disptay Period Nvd -Ty = = = 


aa NC) 
DISPTMG NHAC OL a ee | N Wek tical Ratpace Pariad 
my 


Nusp> Ti 


Vertical Sync 
Position 

















VSYNC 


Figure 10 CRTC Time Chart 


Output waveform of horizontal & vertical display 
in the case where values shown in Table 8 are 
Programmed to each register. 


Horizontal Time Chart 


Raster Period 
Tr = (NhtHT)+ Te 


Time Chart of Raster 
Line Period 


Line Period 
Te = (Nr+1)+ Tr 


Vertical Time Chart 


Frame Period Tegu 

= (Nyy+T)- T, + Tadj 

Tadj: Fine Adjustment 
Period of Frame 
Tadj = Nadj+ Tr 


Tysw: Vertical Syne 
Pulse Width 
Tysw = Nvsw- Tr 
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Sie Vertical Display Period Vertical Retrace Period 


Line Number 


OISPTMG 





Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period (Expansion of Fig. 10— © ) 





Vertical Retrace Period Vertical Display Period 
Fine Adjustment Period of oeray 


Frame Period 
Tadj = Nadj* Ta 
RA.~RA,| Of t [2] TCO CNet] Oo Pt 2 


iat LLL); EE 1 


DISPTMG 


Figure 12 Fine Adjustment Period of Frame in Vertical Display 
(Expansion of Fig. 10- ©) 
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CcuDisP 


— eee ee ee 


Figure 14 Relation between Line - Raster and CUDISP 


Nhd+1  Nhd+2 Nhd + Nht Nhd+1 Nhd+2 Nhd + Nhe Nhd +1 Nhd + 2 Nhd + Nhe Nhd+1  Nhd +2 Nhd + Nht 


pace Mica MOINS IGOR RSet Rena] A rd BAA RM Caer NR Gn a A SS ee Oe ee ee ee 


cic: CR (nes I One ae PRESS (Mine 2 Se emmmenaenee MRA Se Ai ene (RC nertmnmniNe SAeisnareris aioe 


CUDISP 
[NOTE] 
Cursor register = Nhd+2 
Cursor Start 
Raster Register = 1 
Cursor End 


Raster Register = 3 
are Programmed in cursor display mode. 


In blink mode, it is changed into display or 
non-display mode when field period is 16 or 
; 32-time period. 

Figure 15 CUDISP Output Timing (Exapnsion of Fig. 14- ©) 
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Raster address 
Line number 


Vertical Disptay Period 





Vertical Retrace Period 


Horizontal Disptay Period 


Horizontat Retrace Period 














2Nhd+1 


2Nhd+1 


Nhd+Nht 


Nhd+Nht 
2Nhd+Nht 


2Nhd+Nht 








Nvd-Nhd+ 1 


Nvd-Nhd = |Nvd-Nhd+ 1 








Nut -Nhd+ 1 


Nvt -Nhd+1 





(Nvt+ T}Nhd-t} (Nvt+ T)Nhd 


{Nvt4 T)Nhd-1( (Nvt+ T)Nhd 
{Nvt+2)Nhd-1? /iNvt+2)}-Nhd 


Nvd-Nhd+Nht 


Nvd-Nhd+Nht 


Nvt-Nhd+Nht 


Nvt-Nhd+ Nht 





Figure 16 Refresh Memory Address (MAg~MA,3) 


Valid refresh memory address (0~Nvd-Nhd-1) 
are shown within the thick-line square. 
Refresh memory address are provided even 
during horizontal and Vertical retrace period. 
This is an example in the case where the 


Programmed value of start address register is 0. 
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8 How to Use the CRTC 


@ Interface to MPU 

As shown in Fig. 17, the CRTC is connected with the stand- 
ard bus of MPU to control the data transfer between them. The 
CRTC address is determined by CS and RS, and the R/W opera- 
tion is controlled by R/W and Enable signals. When CS is “Low” 
and RS is also “Low”, the CRTC address register is selected. 
When CS is “Low” and RS is ‘High’, one of 18 internal regis- 





System ¢, clock 


RES 





ters is selected, 

RES is the system reset signal. When RES becomes “Low”, 
the CRTC internal control logic is reset. But internal registers 
shown in Table 1 (RO~R17) are not affected by RES signal and 
remain unchanged. 

The CRTC is designed so as to provide an interface to micro- 
computers, but adding some external circuits enables an inter- 
face to other data sources, 


Figure 17 Interlace to MPU 


® Dot Timing Generating Circuit 

CRTC’s CLK input (21 pin) is provided with CLK signal 
which defines horizontal character time period from the out- 
side. This CLK signal is generated by dot counter shown in Fig. 
18. Fig. 18 shows a example of circuit where horizontal dot 
number of the character is “9”. Fig. 19 shows the operation 


9-Counter HD74163 





time chart of dot counter shown in Fig. 18. As this example 
shows explicitly, CLK signal is at ‘‘Low” level in the former half 
of horizontal character time and at “High”? level in the latter 
half. It is necessary to be careful so as not to mistake this polar- 


ity, 


LOAD P/S REG-N to P/S SHIFT 


REGISTER 
DOTCP—P 


CHCP—P to CRTC (CLK) 


Figure 18 Dot Counter 


700 @ HITACHI 


‘DOTCP—P 


LOAD P/S REG—N 


CHCP—P (CLK) 


One Horizontal 
Character Time 
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Figure 19 Time Chart of Dot Counter 


® INTERFACE TO DISPLAY CONTROL UNIT 

Fig. 20 shows the interface between the CRTC and display 
control unit. Display control unit is mainly composed of 
Refresh Memory, Character Generator, and Video Control 
circuit. For refresh memory, 14 Memory Address line 
(O~16383) max are provided and for character generator, 5 
Raster Address line (0~31) max are provided. For video control 
circuit, DISPTMG, CUDISP, HSYNC, and VSYNC signals are 
sent out. DISPTMG signal is used to control the blank period of 
video signal. CUDISP signal is used as video signal to display the 
cursor on the CRT screen. Moreover, HSYNC and VSYNC 
signals are used as drive signals respectively for CRT horizontal 
and vertical deflection circuits. 

Outputs from video control circuit, (video signals and sync 
signals) are provided to CRT display unit to control the 
deflection and brightness of CRT, thus characters are displayed 
on the screen. 


Fig. 21 shows detailed block diagram of display contro! unit. 
This shows how to use CUDISP and DISPTMG signals. CUDISP 
and DISPTMG signals should be used being latched at least one 
time at external flip-flop Fl and F2. Flip-flop Fl and F2 
function to make one-character delay time so as to synchronize 
them with video signal from parallel-serial converter. High-speed 
D type flip-flop as TTL is used for this purpose. After being 
delayed at Fl and F2 DISPTMG signal is AND-ed with character 
video signal, and CUDISP signal is OR-ed with output from 
AND gate. By using this circuitry, blanking of horizontal and 
vertical retrace time is controlled. And cursor video is mixed 
with character video signal. 

Fig. 21 shows the example in the case that both refresh 
memory and CG can be accessed for horizontal one character 
time. Time chart for this case is shown in Fig. 24, This method 
is used when a few character needed to be displayed in 
horizontal direction on the screen. 
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RA Character 
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CUDISP 


HSYNC Video Control 
VSYNC 








Video 
Signals 
Sync 
Signals 









Figure 20 Interface to Display Control Unit 


CUDISP 





DISPTMG 







Refresh 
Memory 


DOT COUNTER 


Figure 21 Display Control Unit (1) 
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When many characters are displayed in horizontal direction 
on the screen, and horizontal one-character time is so short 
that both refresh memory and CG cannot be accessed, the 
circuitry shown in Fig. 22 should be used. In this case refresh 
memory output shall be latched and CG shall be accessed 
at the next cycle. The time chart in this case is shown in Fig. 
25. CUDISP and DISPTMG signals should be provided after 
being delayed by one-character time by using skew bit of 
interlace & skew register (R8). Moreover, when there are some 


HD6845S,HD68A45S,HD68B45S 


troubles about delay time of MA during horizontal one- 
character time on high-speed display operation, system shown in 
Fig. 23 is adopted. The time chart in this case is shown in Fig.26, 
Character video signal is delayed for two-character time because 
each MA outputs and refresh memory outputs are latched, and 
they are made to be in phase with CUDISP and DISPTMG 
signals by delaying for two-character time. Table 10 shows the 
circuitry selection standard of display units. 


Table 10 Circuitry Standard of Display Control Unit 




















Relation among tc, RM and CG 







tc > RM Access + CG Access + tuap 








RM Access + tuap 2 tcu > RM Access 
tcH : CHCP Period; tyjap : MA Delay 
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Figure 23 Display Control Unit (For high-speed display operation) (3) 
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Figure 24 Time Chart of Display Control Unit (1) 
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Figure 25 Time Chart of Display Control Unit (2) 
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Figure 26 Time Chart of Display Unit (3) 


= HOW TO DECIDE PARAMETERS SET ON THE CRTC 


@ How to Decide Parameters Based on Specification of CRT 
Display Unit (Monitor) 
Number of Horizontal Total Characters 
Horizontal deflection frequency fh is given by specification 
of CRT display unit. Number of horizontal total characters is 
determined by the following equation. 


1 


fee tc (Nht + 1) 
where, 
tc : Cycle Time of CLK (Character Clock) 


Nht : Programmed Value of Horizontal Total Register 
(RO) 
Number of Vertical Total Characters 
Vertical deflection frequency is given by specification of 
CRT display unit. Number of vertical Total characters is 
determined by the following equation. 
1) Non-interlace Mode 
Rt =(Nvt + 1) (Nr + 1) + Nadj 
2) Interlace Sync Mode 
Rt = (Nvt + 1) (Nr + 1) + Nadj + 0.5 
3) Interlace Sync & Video Mode 
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+1) (Nr + 2) + 2Nadj 
Rt= Nvt Die ) oe cineca Duels (a) 
pee TE ENA anise (b) 


(a) is applied when both total numbers of vertical characters 
(Nvt + 1) and that of rasters in a line (Nr + 2) are odd. 

(b) is applied when total number of rasters (Nr + 2) is even, or 
when (Nr + 2) is odd and total number of vertical characters 
(Nvt + 1) is even. 


where, 

Rt Number of Total Rasters per frame 
(Including retrace period) 

Nvt Programmed Value of Vertical Total 
Register (R4) 

Nr Programmed Value of Maximum Raster 
Address Register (R9) 

Nadj : Programmed Value of Vertical Total Adjust 


Register (RS) 
Horizontal Sync Pulse Width 
Horizontal sync pulse width is programmed to low order 
4-bit of horizontal sync width register (R3) in unit of horizontal 
character time. Programmed value can be selected within from 1 
to 15. 
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Horizontal Sync Position 

As shown in Fig. 27, horizontal sync position is normally 
selected to be in the middle of horizontal blank period. But 
there are some cases where its optimum sync position is not 
located in the middle of horizontal blank period according to 
specification of CRT. Therefore, horizontal sync position 
should be determined by specification of CRT. Horizontal sync 
pulse position is programmed in unit of horizontal character 
time. 


ie ee 1H ot 
b-— Horizontal —a}— Horizontal-e-fe— Horizontal —| 
Video Period Blank Video Period 


SE | a | oe 


OISPTMG 


Figure 27 Time Chart of HSYNC 


Vertical Sync Pulse Width 

Vertical Sync Pulse Width is programmed to high order 4-bit 
of vertical sync pulse width register (R3) in unit of raster 
period. Programmed value can be selected within from 1 to 16. 


Vertical Sync Position 

As shown in Fig. 28, vertical sync position is normally 
selected to be in the middle of vertical blank period. But there 
are some cases where its optimum sync position is not located in 
the middle of vertical blank period according to specification of 
CRT. Therefore, vertical sync position should be determined by 
specification of CRT. Vertical sync pulse position is pro- 
grammed to vertical sync position register (R7) in unit of line 
period. 


© How to Decide Parameters Based on Screen Format 
Dot Number of Characters (Horizontal) 

Dot number of characters (horizontal) is determined by 
character font and character space. An example is shown in Fig. 
29. More strictly, dot number of characters (horizontal) N is 
determined by external N-counter. Character space is set by 
means shown in Fig. 30. 

Dot Number of Characters (Vertical) 

Dot number of characters (vertical) is determined by 
characters font and line space. An example is shown in Fig. 29. 
Dot number of characters (vertical) is programmed to maxinnum 
raster address (register R9) of CRTC. When Nr is programmed 


Vertical Vertical Vertical 
Video Period Blank | Video Period | 


ene mes a a 


a a aa Eee 


VSYNC 





Figure 28 Time Chart of VSYNC 
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| Dot Number of Horizontal Characters 10 








Dot Number of Vertical Characters 13 
7x9 Character generator is used. 


Figure 29 Dot Number of Horizontal and Vertical Characters 
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Shift Register 


Figure 30 How to Make Character Space 


Horizontal Deflection Period (ty) = aa 


Horizontal Display Period Horizontal Retrace Period 





Number of Horizontal Displayed Characters 


te 


[ies Horizontal Character Time = 


Horizontal Display Period 





Number of Horizontal Displayed Characters 


Figure 31 Number of Horizonta! Displayed Characters 


value of R9, dot number of characters (vertical) is (Nr+1). 
Number of Horizontal Displayed Characters 

Number of horizontal displayed characters is programmed to 
horizontal displayed register (R1) of the CRTC. Programmed 
value is based on screen format. Horizontal display period, 
which is given by specification of horizontal deflection fre- 
quency and horizontal retrace period of CRT display unit, 
determines horizontal character time, being divided by number 
of horizontal displayed characters. Moreover, its cycle time and 
access time which are necessary for CRT display system are 
determined by horizontal character time. 
Number of Vertical Displayed Characters 

Number of vertical displayed characters is programmed to 
vertical displayed register (R6). Programmed value is based on 
screen format. As specification of vertical deflection frequency 
of CRT determines number of total rasters (Rt) including verti- 


cal retrace period and the relation between number of vertical 
displayed character and total number of rasters on a screen is 
as mentioned above, CRT which is suitable for desired screen 
format should be selected. 

For optimum screen format, it is necessary to adjust number 
of rasters per line, number of vertical displayed characters, and 
total adjust raster (Nadj) within specification of vertical 
deflection frequency. 

Scan Mode 

The CRTC can program three-scan modes shown in Table 11 
to interlace mode register (R8). An example of character display 
in each scan mode is shown in Fig. 8. 
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Table 11 Program of Scan Mode 






Scan Mode Main Usage 









Normal Display of Characters 
& Figures 













Non-interlace 


Fine Display of Characters 


interlace Sync 
Y & Figures 








Display of Many Characters 
& Figures Without Using 
High-resolution CRT 


Interlace Sync 
& Video 


[NOTE] 


In the interlace mode, the number of times per 
sec, in raster scanning on one spot on the screen 
is half as many as that in non-interlace mode. 
Therefore, when persistence of luminescence is 
short, flickering may happen. It is necessary to 
select optimum scan mode for the system, taking 
characteristics of CRT, raster scan speed, and 
number of displayed characters and figures into 
account. 


Cursor Display Method 
Cursor start raster register and cursor end raster register 





DOT 
COUNTER 








CRTC 


SA EELATAD 


[= 


CUDISP 


cee eee 
BSNe CONTROL 


VSYNC 


(R10, R11) enable programming the display modes shown in 
Table 7 and display patterns shown in Fig. 9, Therefore, it is 
possible to change the method of cursor display dynamically 
according to the system conditions as well as to realize the 
cursor display that meets the system requirements. 
Start Address 

Start address resisters (R12, R13) give an offset to the 
address of refresh memory to read out. This enables paging and 
scrolling easily. 
Cursor Register 

Cursor registers (R14, R15) enable programming the cursor 
display position on the screen. As for cursor address, it is not X, 
Y address but linear address that is programmed. 


® Applications of the CRTC 


@ Monochrome Character Display 

Fig. 32 shows a system of monochrome character display. 
Character clock signal (CLK) is provided to the CRTC through 
OSC and dot counter, It is used as basic clock which drives 
internal control circuits. MPU is connected with the CRTC by 
standard bus and controls the CRTC initialization and READ/ 
WRITE of internal registers. 

Refresh memory is composed of RAM which has capacity of 
one frame at least and the data to be displayed is coded and 
stored. The data to refresh memory is changed through MPU 





BUS DRIVER 






REFRESH 
MEMORY 
(RAM) 






CHARACTER 














Figure 32 Monochrome Character Display 
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bus, while refresh memory is read out successively by the CRTC 
to display a static pattern on the screen. Refresh memory is 
accessed by both MPU and the CRTC, so it needs to change its 
address selectively by multiplexer. The CRTC has 14 MA 
(Memory Address output), but in fact some of them that are 
needed are used according to capacity of refresh memory. 

Code output of refresh memory is provided to character 
generator. Character generator generates a dot pattern of a 
specified raster of a specified character in parallel according to 
code output from refresh memory and RA (Raster Address 
output) from the CRTC. Parallel-serial converter is normally 
composed of shift register to convert output of character 
generator into a serial dot pattern. Moreover, DISPTMG, 


HD6845S,HD68A45S,HD68B45S 


CUDISP, HSYNC, and VSYNC signals are provided to video 
control circuit. It controls blanking for output of parallel-serial 
converter, mixes these signals with cursor video signal, and 
generates sync signals for an interface to monitor. 


@ Color Character Display 

Fig. 33 shows a system of color character display. In this 
example, a 3-bit color control bit (R, G, B) is added to refresh 
memory in parallel with character code and provided to video 
control circuit. Video control circuit controls coloring as well 
as blanking and provides three primary color video signals (R, 
G, B signals) to CRT display device to display characters in 
seven kinds of color on the screen. 


Ais~Ao 











CUDISP 
HSSNC 
VSYNC 





MULTIPLEXER 


H 


REFRESH 
MEMORY 


CHARACTER 
GENERATOR 





D,~D, 


BUS DRIVER 


Configuration of the Refresh Memory 









Blink 






(RAM) 












Low order 


High order 














COLOR BIT (R, G, B) 


U 










R. VIDEO 
G. VIDEO 
Sigal | °° 


SYNC SIGNAL 





VIDEO CONTROL 






Figure 33 Color Character Display 


@ Color limited Graphic Display 

Limited graphic display is to display simple figures as well as 
character display by combination of picture element which 
are defined in unit of one character. 

As shown in Fig. 34, graphic pattern generator is set up in 
parallel with character generator and output of these gener- 
ators are wire-ORed. Which generator is accessed depends on 


coded output of refresh memory. 

In this example, graphic pattern generator adopts ROM, so 
only the combination of picture elements which are program- 
med to it is used for this graphic display system. Adopting RAM 
instead of ROM enables dynamically writable symbols in any 
combination on one display by changing the contents of them. 
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D,~D, 







DRIVER 


REFRESH 
MEMORY 
(RAM) 


COLOR BIT (R, G, B) 


R. VIDEO 

VIDEO CONTROL 

aan... 
SYNC SIGNAL 


Figure 34 Color Limited Graphic Display 
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@ Monochrome Full Graphic Display refresh memory is dot memory that stores 

Fig. 35 shows a system of monochrome full graphic display. 
While simple graphic display is figure display by combination of 
picture elements in unit of 1 picture elements, full graphic dis- 
play is display of any figures in unit of 1 dot. In this case, 








BUS DRIVER 


DOT MEMORY 
(RAM) 









pene | ae 
HSYNC CONTROL 
VSYNC 


SIGNAL 


Figure 35 Monochrome Full Graphic Display 
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all the dot patterns, 


so its output is directly provided to parallel-serial converter to 
be displayed. Dot memory address to refresh the screen is set 
up by combination of MA output and RA output of CRTC. 
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Fig. 36 shows an example of access to refresh memory respondence between dot on the CRT screen and refresh 
by combination of MA output and RA output. Fig. 36 shows a memory address is shown in Fig. 37. 
refresh memory address method for full graphic display. Cor- 


ma,, 
mai, 
Ma; 


ma, 
ma, 
ma, 
ma, 
ma 
ma, 
ma, 
ma, 


Refresh Memory 
Address 





Figure 36 Refresh Memory Address Method for Full Graphic Display 


32 Characters x 8 dots = 256 dots 


1 byte (8-bit) 





8 rasters 
(1 line) 


24 lines 
x 8 rasters 
= 192 rasters 


Value of ma 


Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display 
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© Color Full Graphic Display their output is provided to three parallel-serial converters. Then 


Fig. 38 shows a system of color full graphic display by 7- video control circuit adds.the blanking control to output of 
color display. Refresh memory is composed of three dot these converters and provides it to CRT display device as red, 
memories which are respectively used for red, green, and blue. green, and blue video signals with sync signals. 


These dot memories are read out in parallel at-one time and 


Ais~Ao 


MPU 


DOT 
osc COUN- 
TER 


| MULTIPLEXER 


D,~D, 










BUS BUS 
DRIVER ORIVER 








CRTC 


RED no ((_J 


GREEN 
VIDEO aE | 
N 
HSY pee CONTROL sae Le 
Navies is 
sca SIGNAL 


Figure 38 Color Full Graphic Display 


®@ Cluster Control of CRT Display circuit separately, but these are controlled together by the 
The CRTC enables cluster control that is to control CRT CRTC. 

display of plural devices by one CRTC. Fig. 39 shows a system In this system, it is possible for plural CRT display devices to 

of cluster control. Each display control unit has refresh memory, have their own display separately. 

character generator, parallel-serial converter, and video control 
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Figure 39 Cluster Control by the CRTC 
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@ EXAMPLES OF APPLIED CIRCUIT OF THE CRTC. Table 12. Moreover, specification of CRT display unit is shown 
Fig. 41 shows an example of application of the CRTC to in Table 13 and initializing values for the CRTC are shown in 


monochrome character display. Its specification is shown in Table 14. 


Table 12 Specification of Applied Circuit 


I 


























tem Specification 
Character Format ail 5x7 Dot 
Character Space ne Horizontal : 3 Dot Vertical : 5 Dot 
One Character Time 1 us 
Number of Displayed Characters 40 characters x 16 lines = 640 characters 
Access Method to Refresh Memory a Snychronous Method (DISPTMG Read) 
Refresh Memory 1kB 
Q's 214.938 giz gil gio 2° 28 27 26 95 24 23 22 2! 2° 
Refresh + © © #8 © © &© &© & & 
Memory 0: 2 9 O @:9 
CRTC P 
Address Map Address 0 0 01 00x x x° x x x x » x O 
Register 
CRTC 
Control 000 1 0 0 x » x « x K « x x 4 
Register 
x-+-don’tcare, *---QOor1 











Synchronization Method HVSYNC Method 


Table 13 Specification of Character Display 


























Item Specification 
Scan Mode Non-interlace 
Horizontal Deflection Frequency 15.625 kHz 
Vertical Deflection Frequency 60.1 Hz 
Dot Frequency 8 MHz 
Character Dot (Horizontal x Vertical) 8 x 12 (Character Font 5 x 9) 
Number of Displayed Characters (Row x Line) 40x 16 
HSYNC Width mi 4 us 
VSYNC Width sill 3H 
Cursor Display Raster 9~ 10, Blink 16 Field Period 
Paging, Scrolling Not used 
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Table 14 Initializing Values for Character Display 


RO i 














Initializing Value 
Hex (Decimal) 


























a aF (63) 
emer 28140 
6? | Horizontal Syne Position _——~=SSCS~S~*dCSCSC*N 2462) 
R3 Sync Width Nvsw, Nhsw 34 
RS Vertical Total Adjust Nadj 08 ( 8) 
R7 [| Vertical Sync Position =| CNS 13 (19) 
R8 Interlace & Skew 00 
RQ Maximum Raster Address Nr OB (11) 
R10 Cursor Start Raster B, P, NcstTaRtT 49 
R11 Cursor End Raster NceEND 0A (10) 
R12 Start Address (H) 00 ( 0) 
R13 Start Address (L) 00 ( 0) 
R14 Cursor (H) 00 ( 0) 
R15 Cursor (L) 00 ( 0) 
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Figure 40 Non-interlace Display (Example) 
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Figure 41 Example of Applied Circuit of the CRTC (Monochrome Character Display) 
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HD6846 — 
COMBO (Combination ROM |/O Timer) 


The HD6846 combination chip provides the means, in con- 
junction with the HD6802, to develop a basic 2-chip micro- 
computer system. The HD6846 consists of 2048 bytes of mask- 
programmable ROM, an 8-bit bidirectional data port with con- 
trol lines, and a 16-bit programmable timer-counter. 

This device is capable of interfacing with the HD6802 (basic 
HD6800, clock and 128 bytes of RAM) as well as the HD6800 
if desired. No external logic is required to interface with most 
peripheral devices. 

a FEATURES 
@ 2048 Bytes of Mask-Programmable ROM 
© 8-Bit Bidirectional Data Port for Parallel Interface plus 

Two Control Lines HD6846P 
@ Programmable Interval Timer-Counter Functions 
@ Programmable 1/O Peripheral Data, Control and Direc- 

tion Registers 
@ Compatible with the Complete HMCS6800 Microcom- 

puter Product Family 
@ TTL-Compatible Data and Peripheral Lines 
Single 5-Volt Power Supply 
@ Compatible with MC6846 


(DP-40) 





TYPICAL MICROCOMPUTER 









= PIN ARRANGEMENT 


Vec 
6 






Vss 1] O 
{ee A, 
Counter/Timer 1/0 4 CT! 
ore A 
Pp, A, 4) 
P 
P, HD6846 a, G] 
e. (COMBO) cs, (6) 
3 —_ 
Parallel 1/O P, R/W 
, dD, (8 
e 
: D, (g] 
7 
contro { oF D, HD6846 
ontro cp o, fi 
40 pins dD, 
y D, 
ss 
bo, [14} 
This is a block diagram of 2 typical cost effective microcomputer. The MPU is D, 
the center of the microcomputer system and is shown in a minimum system inter- cs 6) 
facing with a ROM combination chip. It is not intended that this system be limited to ! 
this function but that it be expandable with other parts in the HMCS6800 Micro- CTG 
computer family. 
cre 113} 





(Top View) 
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® ABSOLUTE MAXIMUM RATINGS = RECOMMENDED OPERATING CONDITIONS 


-0.3 ~ +7.0 


* With respect to Vgg (SYSTEM GND) * With respect to Vgs (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum 
ratings are exceeded. Normal operation should 
be under recommended operating conditions. If 
these conditions are exceeded, it could affect 
reliability of LSI. 





















Supply Voltage 






Supply Voltage 
Input Voltage 






. Input Volta 
Operating Temperature ie 9° 


Storage Temperature 





Operating Temperature 





@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc=5.0V+5%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.) 


Item Symbol Test Condition min Unit 
Input “High” Voltage All Inputs Vin 2.0 |- [Veco] V 
Input ‘‘Low” Voltage All Inputs Vin -0.3 f— [os | Vv 
Input “High” Level _ |Vee 
: +0.5 . 
Input “Low” Level Vss |_| Vss 
—-0.5 +0.5 
R/W, RES, CSo, 
Input Leakage Current CS,,CP,,CTG, lin Vin = 0 ~ 5.25V -2.5 BA 
CTC, E, Ao~Aio 
Three-State (Off State) Do~D7, PoP, 2 es 
Input Current CP, 4 Irsi Vin = 0.4 ~ 2.4V -10 MA 
Do~D, Vv 
ion = -200HA ait 


Output “High” Voltage CP, Po ~P» 
CTO 
D,~D lor = 1.6mA - 
pasaieusuesusiaes vege are [= [04 | 
Other Outputs lor = 3.2MA - 


Output “High” Current ind Von = 2.4V 205 |—- | — [HA 
(Sourcing) CTO, CP2, Po~P7 Vou = 2.4V 200 /- | — [uA 


Output “High” Current 
ssoureing: CP2, Po~P- lou Vou = 1.5V ~-1.0 _- mA 


(the current for driving other than 
TTL, e.g., Darlington Base) 











Clock Overshoot/Undershoot Vos 














Le) 
bh 
<i<j<j< 


Do~D; ié[-|- 


Output ‘‘Low” Current = 

(Sinking) Other Outputs low Vou = 0.4 ae ee 
a ES 

Output Leakage Current pa 

(Off State) IRQ lLoH Vou = 2.4V - uA 


Power Dissipation 


Sa 
E 

Do~D- 
Po~P7,CP2,CTO Cout 


Capacitance Ao~Aio, R/W 
RES, CSo, CS, ’ 
cp,, CTG Gin 
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e@ AC CHARACTERISTICS (Vcc =5.0Vt5%, Vsg=0V, Ta=-20~+75 °C, unless otherwise noted.) 


1. BUS TIMING 























































































































Enable Cycle Time | 10 | - | 10] os 
Enable Pulse Width, ‘‘Low”’ | 430 | - | 4500 ns 
Enable Pulse Width, “High” | PWen | 430 - | 4500 | as 
Address Set Up Time | tas | 140 - - ns 
Data Delay Time | tpprR | foe foe | 320 ns 
Data Hold Time tH Fig. 1 ~ ns 
Address Hold Time ia | oe s ns 
Enable Rise and Fall Time ~ eete: Y - [| - [2 ns 
Data Set Up Time tosw | i | - f= ns 
Reset "Low Time a 
2. PARALLEL PERIPHERAL I/O LINE TIMING 
Item Test Condition min typ max Unit 
Peripheral Data Setup Time tppsu Fig. 3 ; 200 - - ns 
Rise and Fall Times CP, , CP, ter, tpt | Fig. 5 =e Fea 1.0 ps 
Delay Time E to CP, Fall tcp2 - _ 1.0 MS 
Delay Time 1/O Data CP, Fail toc ! Fig. 4 | 20 [eo Es ns 
Delay Time E to CP, Rise trs1 - - 1.0 us 
Delay Time CP, to CP, Rise Fig. 5 _ aa 2.0 us 
Peripheral Data Delay tpow Fig. 4 _ _ 1.0 MS 
Peripheral Data Setup Time for Latch “tesu Fig. 9 100 _ - ns 
Peripheral Data Hold Time for Latch tppH } 15 | - | - ns 
3. TIMER/COUNTER LINE TIMING 
Item Symbol Test Condition min typ max Unit 
CTC, CTG Rise and Fall Time ter, tet 7 z 100 ns 
CTC, CTG Pulse Width, “High” (Asynchronous Mode) tpWH teycE 
AS Ns crags aaa ae Sa le 
CTC, CTG Pulse Width, “Low” (Asychronous Mode) tpwe teyse = _ Re 
1 
CTC, cTG Setup Time (Synchronous Mode) tsu [ Fig. 7 L 200 = fs - t ns 
CTC, CTG Hold Time (Synchronous Mode) thd 50 _ - ns 
CTO Delay Time ” tcTo Fig. 8 a ais 1.0 as 


720 


@ HITACHI 





















E 
R/W 
Ao~Ato 
CS,, CS, 
D,~D, (Read) 
COMBO~>MPU 
D,~D, (Write) 
MPU>COMBO 
Figure 1 Bus Read/Write Timing 
E 2.0V 
tir 
ina 2.4V 
Figure 2 IRQ Release Time 
2.0V 
~P 
ed 0.8V 
tposu 
E 2.0V 
Figure 3 Peripheral Data Set Up Time 
E 
P,~P, 
(Output) 
cP, 2.4V 
(Output) 


Figure 4 Peripheral Data and CP, (Output) Delay Time 


——HD6846 





E 2.0V / \ 
ter. tps 
CP, 
tcp2 
cP, 2.4V 
(Output) 0.4V 


Figure § CP, (Output) Delay Time 


CTG 
cTc 





Figure 7 CTG, CTC Setup Time and Hold Time 


2.0V 


tcto 


2.4V 
T 
ae 0.4V 


Figure 8 CTO Delay Time 


2.0V 2.0V 
0.8V 0.8V 





Figure 9 Peripheral Port Latch Setup and 
Hold Time 
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LOAD B 5.0V 





LOAD A 5.0V 
(D,~D,, CTO, (TRO) 
CcP,,P,~P,) R 
L 1.5k2Q 
Test Point Test Point 
100pF 


C=130pF for0,~D, 
30pF for CTO, CP,,P,~P, 


R=11k2 forD,~D, 
12k for CTO, CP,,P,~P, 


RL=2.4k9 for O,~D, 
1.2kQ for CTO, CP,,Po~P, 
All diodes are 1$2074(@) or equivalent. 


Figure 10 Bus Timing Test Loads 


= GENERAL DESCRIPTION 

The HD6846 combination chip may be partitioned into 
three functional operating sections: programmed storage, timer- 
counter functions, and a parallel I/O port. 


@ Programmed Storage 

The mask-programmable ROM section is similar to other 
ROM products of the HMCS6800 family. The ROM is organized 
in a 2048 by 8-bit array to provide read only storage for a 
minimum microcomputer system. Two mask-programmable 
chip selects are available for user definition. 

Address inputs Ag ~ Ajo allow any of the 2048 bytes of 
ROM to be uniquely addressed. Bidirectional data lines (Do ~ 


D-) allow the transfer of data between the MPU and the HD 
6846. 


@ Timer-Counter Functions 

Under software control this 16-bit binary counter may be 
programmed to count events, measure frequencies, time inter- 
vals, or similar tasks. Internal registers associated with the I/O 
functions may be selected with Ag, A; and A2. It may also be 
used for square wave generation, single pulses of controlled 
duration, and gated signals. Interrupts may be generated from a 
number of conditions selectable by software programming. 


The timer/counter control register allows control of the 
interrupt enable, output enable, selection of an internal or 
external clock source, a + 8 prescaler, and operating mode. 
Input pin CTC (counter-timer clock) will accept an asyn- 
chronous clock pulse to decrement the internal register for the 
counter-timer. If the divide-by-8 prescaler is used, the maximum 
clock rate can be four times the master clock frequency with an 
absolute maximum of 4 MHz. Gate input (CTG) accepts an 
asynchronous TTL-compatible signal which may be used as a 
trigger or gating function to the counter-timer. A counter-timer 
output (CTO) is also available and is under software control 
being dependent on the timer control register, the gate input, 
and the clock source. 


@ Parallel {/O Port 

The parallel bidirectional I/O port has functional operational 
characteristics similar to the B port on the HD6821 PIA. This 
includes 8 bidirectional data lines and two handshake control 
signals. The control and operation of these lines are completely 
software programmable. 

The interrupt input (CP; ) will set the interrupt flag CSR1 of 
the composite status register. The peripheral control (CP2) may 
be programmed to act as an interrupt input (set CSR2) or as a 
peripheral control output. 
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Figure 11 Combination ROM 1/O Timer (COMBO) 
Basic Block Diagram 
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Figure 12 Parallel !/O Port Block Diagram 


™ SIGNAL DESCRIPTION 


@ Bus Interface 

The HD6846 interfaces to the HMCS6800 Bus via an eight 
bit bidirectional data bus, two Chip Select lines, a Read/Write 
line, and eleven address lines. These signals, in conjunction with 
the HMCS6800 VMA output, permit the MPU to control the 
HD6846. 


®@ Bidirectional Data Bus (D)~D-,) 

The bidirectional data lines (Do ~ D7) allow the transfer of 
data between the MPU and the HD6846. The data bus output 
drivers are three-state devices which remain in the high- 
impedance (Off) state except when the MPU performs an 
HD6846 register or ROM read (R/W = 1 and I/O Registers or 
ROM selected). 


@ Chip Select (CS), CS,) 

The CS» and CS, inputs are used to select the ROM or I/O 
timer of the HD6846. They are mask programmed to be active 
“High” or active “Low” as chosen by the user. 


@ Address Inputs (Ay ~ Ajo) 

The Address Inputs allow any of the 2048 bytes of ROM to 
be uniquely selected when the circuit is operating in the ROM 
mode. In the I/O-Timer mode, address inputs Ag, A;, and A, 
select the proper I/O Register, while A; through Ajo (together 
with CSo and CS,) can be used as additional qualifiers in the 
I/O Select circuitry. (See the section on I/O-Timer Select for 
additional details.) 
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Figure 13 Timer/Counter Block Diagram 


© Reset (RES) est 

The active “Low” state of the RES input is used to initialize 
all register bits in the 1/O section of the device to their proper 
values. (See the section on Initialization for Reset conditions for 
timer and peripheral registers.) 


@ Enable (E) 

This signal synchronizes data transfer between the MPU and 
the HD6846. It also performs an equivalent synchronization 
function on the external clock, reset, and gate inputs of the 
HD6846 Timer section. 


@ Read/Write (R/W) 

This signal is generated by the MPU and is used to control 
the direction of data transfer on the bidirectional data pins. A 
“Low” level on the R/W input enables the HD6846 input 
buffers and data is transferred to the circuit during the E pulse 
when the part has been selected. A ‘“‘High” level on the R/W 
input enables the output buffers and data is transferred to the 
MPU during E when the part is selected. 


@ Interrupt Request (1RQ) 

The active “Low” IRQ output acts to interrupt the MPU 
through logic included on the HD6846. This output utilizes an 
open drain configuration and permits other interrupt request 
outputs from other circuits to be connected in a wire-OR 
configuration. 


@ Peripheral Data (P)~P-,) 

The peripheral data lines can be individually programmed as 
either inputs or outputs via the Data Direction Register. When 
programmed as outputs, these lines will drive two standard TTL 
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loads (3.2 mA). They are also capable of sourcing up to 1.0 mA 
at 1.5 Volts (Logic “1” output.) 

When programmed as inputs, the output drivers associated 
with these lines enter a three-state (high impedance) mode. 
Since there is no internal pull-up for these lines, they represent 
a maximum 10uA load to the circuitry driving them 
regardless of logic state. 

A logic zero at the RES input forces the peripheral data lines 
to the input configuration by clearing the Data Direction 
Register. This allows the system designer to preclude the 
possibility of having a peripheral data output connected to an 
external driver output during power-up sequence. 


© Interrupt Input (CP, ) 

Peripheral input line CP; is an input-only that sets the 
Interrupt Flags of the Composite Status register. The active 
transition for this signal is programmed by the peripheral 
control register for the parallel port. CP, may also act as a 
strobe for the peripheral data register when it is used as an input 
latch. Details for programming CP, are in the section on the 
parallel peripheral port. 


(Note) 

Unexpected noise may occur on the peripheral data line 
when the peripheral data register is loaded with “1”. This 
erroneous noise may occur only when peripheral data line is 
specified as output and the peripheral data register has 
already been loaded with ‘1’. Note that peripheral data line 
doesn’t keep “‘High’”’ level continuously in the case write 
peripheral data register operation is executed. 


@ Peripheral Control! (CP, ) 

Peripheral Control line CP2 may be programined to act as an 
Interrupt input or Peripheral Control output. As an input, this 
line has high impedance and is compatible with standard TTL 
voltage levels. As an output, it is also TTL compatible and may 
be used as a source of | mA at 1.5 V to directly drive the base 
of a Darlington transistor switch. This line is programmed by 
the Peripheral Control Register. 


®@ Counter Timer Output (CTO) 

The Counter Timer Output is software programmable by 
selected bits in the timer/counter control register. The mode of 
operation is dependent on the Timer control register, the gate 
input, and the clock source. The output is TTL compatible. 


@ External Clock Input (CTC) 

Input pin CTC will accept asynchronous TTL voltage level 
signals to be used asa clock to decrement the Timer. The “High” 
and “Low” levels of the external clock must be stable for at 
least one system clock period plus the sum of the setup and 
hold times for the inputs. The asynchronous clock rate can vary 
from de to the limit imposed by System E, setup, and hold 
times. 

The external clock input is clocked in by Enable pulses. 
Three Enable periods are used to synchronize and process the 


external clock. The fourth Enable pulse decrements the internal 
counter. This does not affect the input frequency; it merely 
creates a delay between a clock input transition and internal 
recognition of that transition by the HD6846. All references to 
CTC inputs in this document relate to internal recognition of 
the input transition. Note that a clock transition which does not 
meet setup and hold time specifications may require an 
additional Enable pulse for recognition. 

When observing recurring events, a lack of synchronization 
will result in either “System jitter” or “Input jitter” being 
observed on the output of the HD6846 when using an 
asynchronous clock and gate input signal. “System jitter” is the 
result of the input signals being out of synchronization with 
Enable, permitting signals with marginal set-up and hold time to 
be recognized by either the bit time nearest the input transition 
or subsequent bit time. “Input jitter” can be as great at the time 
between the negative going transitions of the input signal plus 
the system jitter if the first transition is recognized during one 
system cycle, and not recognized the next cycle or vice-versa. 


@ Gate Inputs (CTG) 

The input pin CTG accepts an asynchronous TTL-compatible 
signal which is used as a trigger or a clock gating function to the 
Timer. The gating input is clocked into the HD6846 by the 
Enable signal in the same_manner as the previously discussed 
clock inputs. That is, a CTG transition is recognized on the 
fourth Enable pulse (provided setup and hold time requirements 
are met), and the “High” or “Low” levels of the CTG input 
must be stable for at least one system clock period plus the sum 

‘ of setup and hold times. All references to CTG transition in this 
document relate to internal recognition of the input transition. 

The CTG input of the timer directly affects the internal 
16-bit counter. The operation of CTG is therefore independent 
of the + 8 prescaler selection. 


= FUNCTIONAL SELECT CIRCUITRY 


e@ 1/O-Timer Select Circuitry 

CSq and CS, are user programmable. Any of the four binary 
combinations of CSo and CS, can be used to select the ROM. 
Likewise, any other combination can be used to select the 
1/O-Timer. In addition, several address lines are used as 
qualifiers for the I/O-Timer. Specifically, Aj = Ag = Ags = 
logical “O”. Ag can be programmed to a “1”, “0”, or don’t care. 
A, = Ag = Ao = Ajo = don’t care or one line only may be 
programmed to a logical “1”. Figure 14 outlines in diagram- 
matic form the available chip select options. 


@ Internal Addressing 

Seven I/O Register locations within the HD6846 are 
accessible to the MPU data bus. Selection of these registers is 
controlled by Ag, A,, and A, (as shown in Table 1) provided 
the 1/O timer is selected. The combination status register is 
Read-only; all other Registers are Read and Write. 


Input Output 
E weed el ee eet ea hy 
ee, ay SS ee 1 System 
CTC Input acca pei 
Recog. ----5 — re 
Input ee | 
either or Here 
here 
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Figure 14 1/O-Timer Select Circuitry 


Table 1 Internal Register Addresses 










REGISTER SELECTED 


Combination Status Register 
Peripheral Control Register 
Data Direction Register 
Peripheral Data Register 
Combination Status Register 
Timer Control Register 
Timer MSB Register 

Timer LSB Register 

ROM Address 

















Xx www OO090 
x —=-O0O--00 
x-O70~-"0-0 





Initialization 

When the RES input has accepted a “Low” signal, all 
registers are initialized to the reset state. The data direction and 
peripheral data registers are cleared. The Peripheral Control 
Register is cleared except for bit 7 (the RES bit). This forces the 
parallel port to the input mode with Interrupts disabled. To 
remove the RES condition from the parallel port, a “0” must be 
written into the Peripheral Control Register bit 7 (PCR7). 

The counter latches are preset to their maximal count, the 
Timer control register bits are reset to zero except for Bit 0 
(TCRO is set), the counter output is cleared, and the counter 
clock disabled. This state forces the timer counter to remain in 
an inactive state. The combination status register is cleared of all 
interrupt flags. During timer initialization, the reset bit (CCRO) 
must be cleared. 


ROM 

The Mask Programmable ROM section is similar in operation 
to other ROM products of the HMCS6800 Microprocessor 
family. The ROM is organized as 2048 words of 8-bits to 
provide read-only storage for a minimum microcomputer 
system. The ROM is active when selected by the unique 
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combination of the chip select inputs. 


ROM Select 

The active levels of CSp and CS, for ROM and I/O select are 
a user programmable option. Either CSg or CS; may be pro- 
grammed active “High” or active “Low”, but different codes 
must be used for ROM or I/O select. CSg and CS, are mask 
programmed simultaneously with the ROM pattern. The ROM 
Select Circuitry is shown in Figure 15. 


cs, 


ROM 
Select 


cS, 


Figure 15 ROM Select Circuitry 


= TIMER OPERATION 

The Timer may be programmed to operate in modes which 
fit a wide variety of applications. The device is fully bus 
compatible with the HMCS6800 system, and is accessed by 
Load and Store operations from the MPU. 

In a typical application, the timer will be loaded by storing 
two bytes of data into the counter latch. This data is then 
transferred into the counter during a Counter Initialization 
cycle. The counter decrements on each subsequent clock cycle 
(which may be Enable or an external clock) until one of several 
predetermined conditions causes it to halt or recycle. Thus the 
timer is programmable, cyclic in nature, controllable by external 
inputs or MPU program, and accessible to the MPU at any time. 
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® Counter Latch Initialization 

The Timer consists of a 16-bit addressable counter and two 
8-bit addressable latches. The function of the latches is to store 
a binary equivalent of the desired count value minus one. 
Counter initialization results in the transfer of the latch 
contents of the counter. It should be noted that data transfer to 
the counters is always accomplished via the latches. Thus, the 
counter latches may be accurately described as a 16-bit 
“counter initialization data” storage register. 

In some modes of operation, the initialization of the latches 
will cause simultaneous counter initialization (i.e. immediate 
transfer of the new latch data into the counters). It is, therefore, 
necessary to insure that all-l6-bit of the latches are updated 
simultaneously. Since the HD6846 data bus is 8-bit wide, a 
temporary register (MSB Buffer Register) is provided for in the 
Most Significant Byte of the desired latch data. This is a 
“write-only” register selected via address lines Aj, Ay, and A2. 
Data is transferred directly from the data bus to the MSB Buffer 
when the chip is selected, R/W is “Low”, and the timer MSB 
register is selected (Ao = “0”, Ay = A, = “1”). 

The lower 8-bit of the counter latch can also be referred to as 
a “‘write-only” register. Data Bus information will be transferred 
directly to the LSB of a counter latch when the chip is selected, 
R/W is “Low” and the Timer LSB Register is selected (Ag = Ay 
= A, = “1”). Data from the MSB Buffer will automatically be 
transferred into the Most Significant Byte of the counter latches 
simultaneously with the transfer of the Data Bus information to 
the Least Significant Byte of the Counter Latch. For brevity, 
the conditions for this operation wil! be referred to henceforth 
as a “Write Timer Latches Command.” 

The HD6846 has been designed to allow transfer of two 
bytes of data into the counter latches from any source, provided 
the MSB is transferred first. In many applications, the source of 
data will be an HMCS6800 MPU. It should therefore be noted 
that the 16-bit store operations of the HMCS6800 family 
microprocessors (STS and STX) transfer data in the order 
required by the HD6846, A Store Index Register instruction, 
for example, results in the MSB of the index register being 
transferred to the selected address, then the LSB of the index 
register being written into the next higher location. Thus, either 


the index register or stack pointer may be transferred directly 
into a selected counter latch with a single instruction. : 

A logic zero at the RES input also initializes the counter 
latches. All latches will assume maximum count (65,535) 
values. It is important to note that an internal reset (Bit zero of 
the Timer/Control Register Set) has no effect on the counter 
latches. 


® Counter Initialization 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with attendant clearing of the 
Individual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition (external 
RES = “0” or TCRO = “1”) is recognized. It can also occur 
(dependent on The Timer Mode) with a Write Timer Latches 
command or recognition of a negative transition of the CTG 
input. 

Counter recycling or reinitialization occurs when a clock 
input is recognized after the counter has reached an all-zero 
state. In this case, data is transferred trom the Latches to the 
Counter, but the Interrupt Flag is unaffected. 


@ Timer Control Register 

The Timer Control register (see Table 2) in the HD6846 is 
used to modify timer operation to suit a variety of applications. 
The Timer Control Register has a unique address space (Ap = 
“1, Ay = “0”, A, = “1’’) and therefore may be written into at 
any time. The least significant bit of the Control Register is used 
as an Internal Reset bit. When this bit is a logic zero, all timers 
are allowed to operate in the modes prescribed by the remaining 
bits of the timer control register. 

Writing “1” into Timer Control Register Bit 0 (TCRO) causes 
the counter to be preset with the conents of the counter latches, 
all counter clocks are disabled, and the timer output and 
interrupt flag (Status Register) are reset. The Counter Latch and 
Timer/Control Register are undisturbed by an Internal Reset 
and may be written into regardless of the state of TCRO. 

Timer Control Register Bit | (TCRI) is used to select the 
clock source. When TCRI = “0”, the external clock input CTC 
is selected, and when TCRI1 = ‘‘1”, the timer uses Enable. 


Table 2 Format for Timer/Counter Control Register 


















































CONTROL 
REGISTER 
BIT STATE BIT DEFINITION STATE DEFINITION 
TCRO 0 Internal Reset Timer Enabled 
— a See RB cerca Re ae PO 
| 1 Timer in Preset State 
TCR1 0 Clock Source Timer uses External Clock (CTC) 
1 Timer uses $2 System Clock 
TCR2 ~~] 0 +8 Prescaler Clock is not Prescaled 
1 Enabler Clock is prescaled by +8 Counter 
JCR3 Operating Mode 
TCR4 x sige, See Table 3 
TCR5 K 
TCR6 [ 0 Timer Interrupt IRQ Masked from Timer 
= es 1 Enable {RO Enabled from Timer 
TCR7 0 Timer Output Enable Counter Output (CTO) Set “Low” ; 
1 Counter Output Enabled 
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Table 3 Counter/Timer Operation Modes 


Counter 
Mode TCR3 TCR4 TCRS| Initialization Counter Enable a rs 
ce ea Clear 











Interrupt Flag 





Continuous / Oo oO oO | GL+WeR | t / Oo oO oO | GL+WeR | | (Glow) Rs | = CE“C Cc RS—RT or Cl 
Mode ; ; ; Gd+R (G=Low) ° ec ao RS—RT or Cl 
Cascaded Single . 
Normal Single ‘ 
1 0 QO {CE+TOF-CE)-Gl-|, CE set=G+-W-R-T oe ae G J before | RS—RT or Cl 
Frequency Com- +R CE reset=W+R+! TO _ or W 
parison Mode 1 0 1 | Gi-T+R CE set=G) WRT CE-C G ‘before | RS—RT or Cl 
CE reset=W+R+l TO or W 
1 1 0 GiL-T+R CE set=G + -W-R-T-G . Gt before | RS—RT or Cl 
eueNeD CE reset=W+R+I+(GeHigh) | CE * © TO or W 
Mode Gv-T+R CE set=G )-W-R-T-G CE-C Gt before | RS—RT or Cl 
CE reset=W+R+I+(G=High) TO or W 


R = External RES or Internal Reset TCRO 
W = Write Timer Latch 
1 = Interrupt Flag 

CTG 


C = Clock selected in the internal register 
G 4 = Negative transition of CTG signal 
Gt = Positive transistion of CTG signa! 





TO = Counter Time Out 


RS—RT = Read Operation of Timer Counter after the read of Status Register 


(Normal operation to clear the interrupt) 
Cl = Counter Initialization (internal Signa!) 
TOF = Time Out Flag (Set by Cl-TO, Reset by Cl) 


Timer Control Register Bit 2 (TCR2) enables the + 8 
prescaler (TCR2 = ‘‘1’’). In this mode, the clock frequency is 
divided by eight before being applied to the counter. When 
TCR2 = “0” Enable is applied directly to the counter. 

TCR3, 4, 5 select the Timer Operating Mode, and are 
discussed in the next section. 

Timer Control Register Bit 6 (TCR6) is used to mask or 
enable the Timer Interrupt Request. When TCR6 = “0”, the 
Interrupt Flag is masked from the timer. When TCR6 = “1”, the 
Interrupt Flag is enabled into Bit 7 of the Composite Status 
Register (Composite IRQ Bit), which appears on the IRQ 
output pin. 

Timer Control Register Bit Seven (TCR7) has a special 
function when the timer is in the Cascaded Sinale Shot mode. 
(This function is explained in detail in the section describing the 
mode.) In all other modes, TCR7 merely acts as an output 
enable bit. If TCR7 = “0”, the Counter Timer Output (CTO) is 
forced “‘Low’’. Writing a logic one into TCR7 enables CTO. 


@ Timer Operating Modes 

The HD6846 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by using three 
bits of the control register (TCR3, TCR4, and TCRS) to define 
different operating modes of the Timer, outlined in Table 3. 


® Continuous Operating Mode (TCR3 = 0, TCRS5 = 0) 

The timer may be programmed to operate in a continuous 
counting mode by writing zeros into bits 3 and 5 of the timer 
control register. Assuming that the timer output is enabled 
(TCR7 = “1”), a square wave will be generated at the Timer 
Output CTO (See Table 4). 


Table 4 Continuous Operating Modes 





CONTINUOUS MODE 
(TCR3=0, TCR7=1, TCR5=0) 


CONTROL I NITIALIZATION/OUTPUT WAVEFORMS 


feat eo 
TCR4 [Counter | 


to TO* TO* 





EDaeuercon | einen (T)> eae es (T)— 
+ +W+R 


G 4 = Negative Transition CTG Input. 
W = Write Timer Latches Command. 
R = Timer Reset (TCRO=1 or External RES=0) 
N = 16 Bit Number in Counter Latch. 
T = Period of Clock Input to Counter. 
to = Counter Initialization Cycle. 
TO = Counter Time Out (Ali Zero Condition.) 
* Point at which an interrupt may occur. 


Either a Timer Reset (TCRO = “1” or External RES = “0”) 
condition or internal recognition of a negative transition of the 
CTG input results in Counter Initialization. A Write Timer 
Latches command can be selected as a Counter Initialization 
signal by clearing TCR4. 

The discussion of the Continuous Mode has assumed the 
application requires an output signal. It should be noted the 
Timer operates in the same manner with the output disabled 
(TCR7 = “0O”). A Read Timer Counter command is valid 
regardless of the state of TCR7. 
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@ Normal Single-Shot Timer Mode (TCR3 = 0, TCR4 = 1, 
TCRS = 1) 
This mode is identical to the Continuous Mode with two 
exceptions. The first of these is obvious from the name — the 
output returns to a “Low” level after the initial Time Out and 


remains “Low” until another Counter Initialization cycle occurs. 


The output waveform (CTO) is shown in Figure 16. 

As indicated in Figure 16, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of the 
counter results in the setting of an Individual Interrupt Flag and 
re-initialization of the counter. 

The second major difference between the Single-Shot and 
Continuous modes is that the internal counter enable is not 
dependent on the CTG input level remaining in the “Low” state 
for the Single-Shot mode. Aside from these differences, the two 
modes are identical. 


cToO 





(A) NORMAL SINGLE-SHOT MODE OUTPUT WAVEFORM 


(N+1)) (N+1) , (N41), (N+ 1) 


ae 


TCR7 = Output © TO TO TO TO 


After Timeout 
CTO 


ti, a ohGe> Tate 


(B) CASCADED SINGLE-SHOT MODE OUTPUT WAVEFORM 


1 = Write a1” into TCR7 
0 = Write a “0” into TCR7 


*Point at which an interrupt may occur. 


(NOTE) All_time intervals shown above assume the Gate (CTG) 
and Clock (CTC) signals are synchronized to Enable with the 
specified setup and hold time requirements. 


Figure 16 Single-Shot Modes 





® Cascaded Single-shot Mode (TCR3=0, TCR4=0, TCR5=1) 

This mode is identical to the single-shot mode with two 
exceptions. First, the output waveform does not return to a 
“Low” level and remain “Low” after timeout. Instead, the out- 
put level remains at its initialized level until it is re-programmed 
and changed by timeout. The output level may be changed at 
any timeout or may have any number of timeouts between 
changes. 

The second difference is the method used to change the 
output level. Timer Control Register Bit 7 (TCR7) has a special 
function in this mode. The timer output (CTO) is equal to 
TCR7 clocked by timeout. At every timeout, the content of 
TCR7 is clocked to and held at the CTO output. Thus, output 
pulses of length greater than one timer cycle can be generated 
by cascading timer cycles and counting timeouts with a software 
program (See Figure 16). 

An interrupt is generated at each timeout. To cascade timer 
cycles, the MPU would need an interrupt routine to: 1) count 
each timeout and determine when to change TCR7: 2) write 
into TCR7 the state corresponding to the next desired state of 
the output waveform (only necessary during the last timer cycle 
before the output is to change state): and 3) clear the interrupt 
flag by reading the combination status register followed by 
Read Timer MSB. [t is also possible, if desired, to change the 
length of the timer cycle by reinitializing the timer latches. This 
allows more flexibility for obtaining desired times. 


© Time Interval Modes (TCR3 = 1) 

The Time Interval Modes are provided for applications 
requiring more flexibility of interrupt generation and Counter 
Initialization. The Interrupt Flag is‘set in these modes as a 
function of both Counter Time Out and transitions of the CTG 
input. Counter Initialization is also affected by Interrupt Flag 
status. The output signal is not defined in any of these modes. 
Other features of the Time Interval Modes are Outlined in Table 
5: 


® Frequency Comparison Mode (TCR3 = 1, TCR4 = 0) 

The timer within the HD6846 may be programmed to 
compare the period_of a pulse (giving the frequency after 
calculations) at the CTG input with the time period required for 
Counter Time Out. A negative transition of the CTG input 
enables the counter and starts a Counter Initialization cycle — 
provided that other conditions as noted in Table 3 are satisfied. 
The counter decrements on each clock signal recognized during 
or after Counter Initialization until an Interrupt is generated, a 


Table 5 Time Interval Modes 





TCR3= 1 


TCRS APPLICATION 


Frequency 
Comparison 








Frequency 
Comparison 






CONDITION FOR SETTING INDIVIDUAL INTERRUPT FLAG © 


interrupt Generated if CTG Input Period (1/F) 
is Less Than Counter Time Out (TO). 











Interrupt Generated if CTG Input Period (1/F) 
is Greater Than Counter Time Out (TO). 
















Pulse Width 
Comparison 








Interrupt Generated if CTG Input ‘Down Time” 
is Less Than Counter Time Out (TO). 









Pulse Width 
Comparison 





Interrupt Generated if CTG Input ‘‘Down Time” 
is Greater Than Counter Time Out (TO). 
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Write Timer Latches command is issued, or a Timer Reset 
condition occurs. It can be seen from Table 3 that an interrupt 
condition will be generated if TCRS = “0” and the period of the 
pulse (single pulse or measured separately repetative pulses) at 
the CTG input is less than the Counter Time Out period. If 
TCRS = “1”, an interrupt is generated if the reverse is true. 

Assume now with TCRS = “1” that a Counter Initialization 
has occurred and that the CTG input has returned “Low” prior 
to Counter Time Out. Since there is no Individual Interrupt Flag 
generated, this automatically starts a new Counter Initialization 
Cycle. The process will continue with frequency comparison 
being performed on each CTG input cycle until the mode is 
changed, or a cycle is determined to be above the predetermined 
limit. 





@ Pulse Width Comparison Mode (TCR3 = 1, TCR4 = 1) 

This mode is similar to the Frequency Comparison Mode 
except for the limiting factor being a positive, rather than 
negative, transition of the CTG input. With TCRS = “0”, an 
Individual Interrupt Flag will be generated if the zero level pulse 
applied to the CTG input is less than the time period required 
for Counter Time Out. With TCRS = “1”, the interrupt is 
generated when the reverse condition is true. as: 

As can be seen in Table 3, a positive transition of the CTG 
input disables the counter. With TCR5S = “0”, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. 


@ Composite Status Register 

The Composite Status Register (CSR) is a read-only register 
which is shared by the Timer and the Peripheral Data Port of 
the HD6846. Three individual interrupt flags in the register are 
set directly via the appropriate conditions in the timer_or 
peripheral port. The composite interrupt flag — and the IRQ 
Output — respond to these individual interrupts only if 
corresponding enable bits are set in the appropriate Control 
Registers. (See Figure 17.) The sequence of assertion is not 
detected. Setting TCR6 while CSRO is “‘High” will cause CSR7 
to be set, for example. 

The Composite Interrupt Flag (CSR7) is clear only if all 
enabled Individual Interrupt Flags are clear. The conditions for 
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clearing CSR] and CSR2 are detailed in a later section. The 

Timer Interrupt Flag (CSRO) is cleared under the following 

conditions: 

1) Timer Reset — Internal Reset Bit (TCRO) = “1” or External 
RES = “0”. 

2) Any Counter Initialization condition. 

3) A Write Timer Latches command if Time Interval modes 
(TCR3 = “1”) are being used. 

4) A Read Timer Counter command, provided this is preceded 
by a Read Composite Status Register while CSRO is set. This 
latter condition prevents missing an Interrupt Request 
generated after reading the Status Register and prior to 
reading the counter. 

The remaining bits of the Composite Status Register 

Soe i a are unused. They default to a logic zero when 

read. 


# 1/0 OPERATION 


@ Parallel Peripheral Port 
The peripheral port of the HD6846 contains 8 Peripheral 

Data lines (Pp~P-), two Peripheral Control lines (CP, and CP. ), 

a Data Direction Register, a Peripheral Data Register, and a 

Peripheral Control Register. The port also directly affects two 

bits (CSR1 and CSR2) of the Composite Status Register. 

The Peripheral Port is similar to the “‘B” side of a PIA 

(HD6821!) with the following exceptions: 

1) All registers are directly accessible in the HD6846 Pata 
Direction and Peripheral Data in the HD6821) are located at 
the same address with Bit Two of the Control Register used 
for register selection. 

2) Peripheral Control Register Bit Two (PCR2) of the HD6846 
is used to select an optional input latch function. This option 
is not available with HD6821 PIA’s. 

3) Interrupt Flags are located in the HD6846 composite status 
register rather than Bits 6 and 7 of the Control Register as 
used in the HD6821. 

4) Interrupt Flags are cleared in the HD6821 by reading data 
from the Peripheral Data Register. HD6846 Interrupt Flags 
are cleared by either reading or writing to the Peripheral Data 
Register — provided that this sequence is followed a) Flag 
Set, b) Read Composite Status Register, c) Read/Write 
Peripheral Data Register is followed. 


(NOTE) Bits CSR3 ~ CSR6 are not used. 


Figure 17 Composite Status Register & Associated Logic 
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5) Bit 6 of the HD6846 Peripheral Control Register is not 
used. Bit 7 (PCR7) is an Internal Reset Bit not available on 
the HD6821. 

6) The Peripheral Data lines (and CP,) of the HD6846 feature 
internal current limiting which allows them to directly drive 
the base of Darlington NPN transistors. 


@ Data Direction Register 

The MPU can write directly to this eight-bit register to 
configure the Peripheral Data lines as either inputs or outputs. 
A particular bit within the register (DDRn) is used to control 
the corresponding Peripheral Data line (Pn). With DDRn = “0”, 
Pn becomes an input; if DDRn = “1”, Pn is an output. As an 
example, writing Hex $OF into the Data Direction Register 
results in Po thru P3 becoming outputs and P, thru P, being 
inputs. Hex $55 in the Data Direction Register results in alter- 
nate outputs and inputs at the parallel port. 


@ Peripheral Data Register 

This eight-bit register is used for transferring data between 
the peripheral data port and the MPU. Any bit corresponding to 
an output line will be used to drive the output buffer associated 
with that line. Data in these output bits is normally provided by 
an MPU Write function. (Input bits — those associated with 
input lines — are unchanged by a Write Command.) Any input 
bit will reflect the state of the associated input line if the input 
latch function is deselected. If the Control Register is pro- 
grammed to provide input latching, the input bit will retain the 
state at the time CP, was activated until the Peripheral Data 
Register is read by the MPU. 


@ Peripheral Control Register 

This eight-bit register is used to control the reset function as 
well as for selection of optional functions of the two peripheral 
control lines (CP, and CP). The Peripheral Control Register 
functions are outlined in Table 6. 





@ Peripheral Port Reset (PCR7) 

Bit 7 of the Peripheral Control Register (PCR7) may be used 
to initialize the peripheral section of the HD6846. When this 
bit is set “High”, the peripheral data register, the peripheral data 
direction register, and the interrupt flags associated with the 
peripheral port (CSR1 & CSR2) are all cleared. Other bits in the 
peripheral control register are not affected by PCR7. —__ 

PCR7 is set by either a logic zero at the External RES input 
or under program control by writing a “1” into the location. In 
any case, PCR7 may be cleared only by writing a zero into the 
location while RES is “High”. The bit must be cleared to acti- 
vate the port. 


@ Control of CP, Peripheral Control Line 

CP, may be used an interrupt request to the HD6846, as a 
strobe to allow latching of input data, or both. In any case, the 
input can be programmed to be activated by either a positive or 
negative transition of the signal. Thes options are selected via 
Control Register Bits PCRO, RCR1 & PCR2. 

Control Register Bit 0 (PCRO) is used to enable the interrupt 
transfer circuitry of the HD6846. Regardless of the state of 
PCRO, and active transition of CP1 causes the Composite Status 
Register Bit One (CSR1) to be set. if PCRO = “1”, this interrupt 
will be reflected in the Composite Interrupt Flag (CSR7), and 
thus at the IRQ output. CSRI is cleared by a Peripheral Port 
Reset condition or by either reading or writing to the peripheral 
data register after the Composite Status Register is read. The 
latter alternative is conditional - CSR1 must have been a logic 
one when the Composite Status Register was lart read. This pre- 
cludes inadvertent clearing of interrupt flags generated between 
the time the Status Register is read and the manipulation of 
peripheral data. 

Control Register Bit One (PCR1) is used to select the edge 
which activates CP;. When PCRI = “0”, CP; is active on 
negative transitions (“High” to “Low’”). “Low” to “High” 
transitions are sensed by CP; when PCRI = “1”. 


Table 6 Peripheral Control Register Format (Expanded) 





PCR7 PCR6 


CP, DIRECTION CONTROL 
O= CP, Is INPUT 
1 = CP, Is OUTPUT 












RESET (SET BY EXT. RES = 0 OR WRITING 
ONE INTO LOCATION; CLEARED BY 
WRITING ZERO TO THIS LOCATION) 

= NORMAL OPERATION 

= RESET CONDITION (CLEARS PERIPHERAL 

ATA & DATA DIRECTION REG + CSR1 & CSR2) 





CP, tS INPUT (PCR5 = 0) 


P, ACTIVE EDGE SELECT Cc 
= NEGATIVE (1) EDGE 0 
= POSITIVE (t) EDGE 1 


P, INT. ENABLE 
= CP, INT. MASKED 
= CP, INT. ENABLED 





PCRS PCR3 PCR2 PCR1 PCRO 
[Se ae 


CP, INT. ENABLE 
O= CP, INT. MASKED 
1= CP, INT. ENABLED 


CP, ACTIVE EDGE SELECT 
O = NEGATIVE (1) EDGE 
1 = POSITIVE (+t) EDGE 


CP, INPUT LATCH CONTROL 
0 = INPUT DATA NOT LATCHED 
1 = INPUT DATA LATCHED ON ACTIVE CP, 


ie oe 


PCR3 | CP, IS OUTPUT (PCRS = 1) 
INTERRUPT ACKNOWLEDGE 
INPUT/OUTPUT ACKNOWLEDGE 


PROGRAMMABLE OUTPUT 
(CP, REFLECTS DATA 
WRITTEN INTO PCR3) 





























730 © HITACHI 


In addition to its use as an interrupt input, CP, can be used 
as a strobe to capture input data in an internal latch.This option 
is selected by writing a one into Peripheral Control Register Bit 
Two (PCR2). In operating, the data at the pins designated by 
the Data Direction Register as inputs will be captured by an 
active transition of CP,. An MPU Read of the Peripheral Data 
Register will result in the captured data being transferred to the 
MPU — and it also releases the latch to allow capture of new 
data. Note that successive active transitions with no Read 
Peripheral Data Command between does not update the input 
latch. Also, it should be noted that use of the input latch 
function (which can be deselected by writing a zero into PCR2) 
has no effect on output data. {t also does not affect Interrupt 
function of CP,. 


©@ Control of CP, Peripheral Control Line 

CP, may be used as an input by writing a zero into PCRS. In 
this configuration, CP, becomes a dual of CP, in regard to 
generation of interrupts. An active transition (as selected by 
PCR4) causes Bit Two of the Composite Status Register to be 
set. PCR3 is then used to select whether the CP2 transition is to 
cause CSR7 to be set — and thereby cause IRQ to go “Low”. 
CP, has no effect on the input latch function of the HD6846. 

Writing a one into PCR5 causes CP, to function as an 
output. PCR4 then determines whether CP is to be used in a 
handshake or programmable output mode. With PCR4 = “1”, 
CP, will merely reflect the data written into PCR3. Since this 
can readily be changed under program control, this mode allows 
CP. to be a programmable output line in much the same 
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manner as those lines selected as outputs by the Data Direction 
Register. 

The handshaking mode (PCRS = “1”, PCR4 = “0’’) allows 
CP, to perform one of two functions as selected by PCR3. With 
PCR3 = “1”, CP, will go “Low” on the first Enable positive 
transition after a Read or Write to the Peripheral Data Register. 
This Input/Output Acknowledge signal is released (returns 
“High’’) on the next positive transition of the Enable signal. 

In the Interrupt Acknowledge mode (PCRS = “1”, PCR4 = 
PCR3 = ‘0”), CP. is set when CSR1 is set by an active 
transition of CP,. It is released (goes “‘Low”) on the first 
positive transition of Enable after CSR] has been cleared via an 
MPU Read or Write to the Peripheral Data Register. (Note that 
the previously described conditions for clearing CSR1 still 


apply.) 


@ Restart Sequence 

A typical restart sequence for the HD6846 will include 
initialization of both the Peripheral Control! & Data Direction 
Registers of the parallel port. It is necessary to set up the 
Peripheral Control Register first, since PCR7 = “0” is a 
condition for writing data into the Data Direction Register. (A 
logic zero at the external RES input automatically sets PCR7.) 


@ Summary 

The HD6846 has several optional modes of operation which 
allow it to be used in a variety of applications. The following 
tables are provided for reference in selecting these modes. 


Table 7 HD6846 Internal 
Register Addresses 












x 3--=—--O000/P 
x-2-00-=-00/|) 
x-0O-0-0-0 


ROMA 


| A, | REGISTER SELECTED 


Combination Status Register 
Peripheral Control Register 
Data Direction Register 
Peripheral Data Register 
Combination Status Register 
Timer Control Register 
Timer MSB Register 

Timer LSB Register 








ddress 








Table 8 Composite Status Register 





CSR3~CSR6 NOT USED DEFAULT 


Geb? TO ZERO WHEN READ 


Errew | 














COMPOSITE INTERRUPT FLAG 
0 = NO ENABLED INTERRUPT FLAG SET 
1 = ONE OR MORE ENABLED INTERRUPT FLAGS SET* 


= 





INVERSE OF THIS BIT APPEARS AT !tRQ OUTPUT 





*STATUS OF THIS BIT CAN BE EXPRESSED AS: 
CSR7 = CSRO-TCR6 + CSR1-PCRO + CSR2-PCR3 
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TIMER INTERRUPT FLAG 
NO INT REQ. 
INT REQUESTED 


CP, INTERRUPT FLAG 
0 = NO INT REQ 
| 1 = INT REQUESTED 















INTERRUPT FLAG 
NO INT REQ. 
INT REQUESTED 
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Table 9 Timer Control Register 





INTERNAL RESET 
O= TIMER ENABLED 
1= INT REQUESTED 





INTERRUPUT ENABLE 
0 = IRQ MASKED 
1 = IRQ ENABLED 












LOCK SOURCE 
= EXTERNAL CLOCK (CTC) 
= INTERNAL CLOCK (¢,) 


TIMER OUTPUT ENABLE 
O = OUTPUT DISABLED (Low) 
1 = OUTPUT ENABLED 


-“co0 











FOR CASCADED SINGLE-SHOT 
0 = OUTPUT GOES LOW AT TIME OUT 
1 = OUTPUT GOES HIGH AT TIME OUT 


0 CONTINUOUS 
CONTINUOUS 
NORMAL SINGLE SHOT 


FREQUENCY COMPARISON 


PRESCALE ENABLE 
CLOCK NOT PRESCALED 
CLOCK PRESCALED (+ 8) 


















INTERRUPT FLAG SET 





COUNTER INITIALIZATION 
CTG++W+R 
CTG++W+R 













































TO 


CTG | BEFORE TO 


CTG‘+R 
CTG }-T-(CE + TOF-CE) +R 



























CTG!-1+R TO BEFORE CTG 
PULSE WIDTH COMPARISON cts as CTGt BEFORE TO 
CTG4-1+R TO BEFORE CTGt 












| 


R = RESET CONDITION CTG + = NEG TRANSISTION OF PIN 17 
W = WRITE TIMER LATCHES CTGt = POS TRANSITION OF PIN 17 
TO = COUNTER TIME OUT | = INTERRUPT FLAG {(CSRO) = 0 

CE = COUNTER ENABLE 


Table 10 Peripheral Control Register 












CP, DIRECTION CONTROL 
0 = CP, Is INPUT 
1 = CP, Is OUTPUT 










CP1 ACTIVE EDGE SELECT 
0 = NEGATIVE (4) EDGE 
1 = POSITIVE (t) EDGE 


CP, INPUT LATCH CONTROL 
0 = INPUT DATA NOT LATCHED 
1 = INPUT DATA LATCHED ON ACTIVE CP, 





RESET (SET BY EXT. RES =0OR WRITING 
ONE INTO LOCATION; CLEARED BY 
WRITING ZERO TO THIS LOCATION) 


= NORMAL OPERATION 
1 = RESET CONDITION (CLEARS PERIPHERAL 
DATA & DATA DIRECTION REG + CSR1 & CSR2) 


CP, IS INPUT (PCRS = 0) 
PCR4 PCR3 


CP, INT. ENABLE 
0 = CP, INT. MASKED 
1 = CP, INT. ENABLED 














































PROGRAMMABLE OUTPUT 
(CP, REFLECTS DATA 


WRITTEN INTO PCR3) 














CP, ACTIVE EDGE SELECT 
O = NEGATIVE (1) EDGE 
1 = POSITIVE (t) EDGE 
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# CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
HD6846, the customer may specify the content of the memory 
and the method of enabling the outputs. 

Information on the general options of the HD6846 should 
be submitted on an Organizational Data form such as that 
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shown in Figure 18 and Figure 19. 

Information for custom memory content may be sent to 
HITACHI in one of two forms (shown in order of preference): 
1) Paper tape output of the HMCS6800 Load Module Format 

or of the BNPF Format 
2) Hexadecimal coding using IBM Punch Cards 


ORGANIZATIONAL DATA 
HD6846 COMBINATION ROM-i/O-TIMER 


Customer: 


Company 


Part No. 


Originator 


Phone No. 


Enable Options: (ROM ENABLE MUST DIFFER FROM |/0-TIMER) 


is 
oo 


1/0-TIMER SECTION 


~O0 
6 OO 


ROM SECTION 





Hitachi Use Only: 


Quote: 
Part No.: 


Specif. No.: 


122.0V 

0 <0.8V 
x= 

NOT USED 





COMPANY 







CUSTOMERS P/N (if you need) 


eer 


DATA FORMAT 
1. HMCS6800 load module format 


coding media 
ia 1. paper tape 
OC 2. 18M 80 column card 





for HITACHI reference oniy 


ref. No. 
mask ROM No. 
processed data 


approved data 


ENGINEER 



















2. BNPF format 


total bytes of data (decimal) 
initial ROM address (decimal) 


parity (for paper tape) 


[]1.even []2.0dd []3. none 


approved 


Figure 19 Confirmation sheet of specification for HD6846 series ROM 
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@ PAPER TAPE 


1) Any one inch width tape usually available in market can be 


used but tape in black color is recommended. 
2) Both leader and trailer have more than 600 frames. 


(Example) 


CODKDDDDDDDIA/ODDDDADADD GADD OAGCNDNDNOO|O0900000 





leader 
more than 
600 frames 








3) One file data of each chip shall be contained in one reel of 


paper tape. One file data shall not be divided into more than 
two reels. 


4) Parity 
Parity shall be indicated in “Confirmation sheet of specifica- 
tion”. Parity forms are grouped; 
(1) With parity 
(2) Without parity 
5) 8-bit ASCII code shall be used. 


EVEN or ODD 


= CARD 

1) Use IBM 80 column card. 
2) Use EBCDIC code. 

3) Card format is as follows; 


4) Total number of cards shall be written in “Confirmation 
sheet of specification”. 


data trailer 
more than 


600 frames 












column contents 


Free format of data column 





73 to 80 | Sequential card number, not free format. 


Least significant digit of decimal sequential 
number is located in column 80. 

No alphabet letters. 

Any sequential number more than 1 can be used. 





= DATA FORMAT 


@ HMCS6800 LOAD MODULE FORMAT 
This is object format obtained from HMCS6800 assembler. 
1) 8-bit code is divided into upper and lower 4 bits and 
transformed into hexadecimal number. 


(Example) Binary number if 1100 0010 is transformed as follows. 


upper lower 
D, DO, DO, D, D, D, D, 
1 1 10) 0 Oo 1 1 
Vy SY 

Cc 6 


2) Load module structure of paper tape is shown as an example. 


leader 


734 . 


dD, bit weight 
0 (corresponding to 
ROM output) 
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SO is the header record, S1 is data record and S9 is end of file 
record. Each data record corresponds to each ROM data as nom 
shown below. Continuous memory address shall be devided into 
several records due to limitation of maximum frame number (70 
frames = 35 bytes) in one record. 

SO, SI or S9 is distinguished by CC following start of the 
record S. 





leader (NULIS) 


(CR) 


(LF) 


4x NULL 


frame 


S:start of the 
record 
CC: type of 
record 
(0, 1 or 9) 


N 


Byte count aad Dicimal 


70 frames 
max (2 frames = 1 byte: 


Start address 
of data in this 
record 


data 


Byte 


count data 








Ste cept rd ee ceca os are cae cs ee aren erg ace ye en Spar ee OF 











Check sum is compiement of 1 for sum of each 8-bit. 
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3) Example of load module format 








CC=30 CC=31 CC=39 
header data end of file 
frame record record record 
1 _ start of record Ss Ss | 53 | Ss 
2 ‘type of record 30 0 1 | 39 | 9 
; byte count 2 06 16 FE 03 
: start address of = a 
7 data in this 30 0000 1100 30 0000 
8 record 30 30 
9 34 
10 data 38 48-H 98 ro FC (check sum) 
si a 44-D 02 
data ro 52-R 
check 32 2B A8 
n sum 42 | (check sum) (check sum) 


Check sum of header record above is complement of | of (06 
+00 + 00+ 48 + 44 + 52)1¢ i.e., 2B. 

The start address of data record is incremented for each one 
byte data, then is compared to the next address in data record 
and is checked to be sequential or not. 

When it is not sequential, hexadecimal 00 is fille.) as data for 
that address automatically. 

A example of type out of paper tape in HMCS6800 load 
module format is shown below. 


header record ... S00600004844522B 

data record ......$] | 3FOQQO7EF5587EF7897EFAA77EF9CO7EF9C47E24 
data record ......$112F010FA657EFA8B7EFAA07EF9DC7EFA 247E06 
end of file record ,... S9030000FC 


ROM 


vacancy 
(filled with 00) 





(a) (b) 








4) Four types of data of ROM code are able to be processed. In 
any case, header record before data record is needed and so 
as end of file record after data record. 

(a) No vacancy in ROM 
Data record is filled with full ROM record of one chip. 

Therefore address is sequential. Initial ROM address in ‘“Con- 

firmation sheet of specification” is 0. 

(b) Vacancy in former part of ROM 
Desired initial address shall be filled in initial ROM address 

column in “Confirmation sheet of specification”. Data of 00 are 

filled automatically for vacant address. 

(c) Vacancy in the middle of ROM 
Data of 00 are filled in for vacant address. Initial ROM 

address for data I is 0 and desired initial address for data II shall 

be described in “Confirmation sheet of specification”. 

(d) Vacancy in later part of ROM 
When end of file record is read out, data of 00 are filled in 

thereafter. 


vacancy 


(filled with 00) 


vacancy 
(filled with 00) 





(c) (d) 
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(Example) Paper tape whose data record is $1141920B6FC 










fe) 
5900000000000000000000000 000000000000000000000000 





° 
oo0000000 
0000000 


° 
o9000 oO 







@ BNPF format 

1) Each word is expressed as BNPF slice which begins word 
opening mark B, has 8 character bit contents shown by P or 
N and finishes with end mark F. 


(Example) OF in hexadecimal code is expressed as shown below (paper tape). 







0000000000 


Teoh 


D, D, OD, D, D, D, D, D, 


bit weight 
2) Any contents between F of the first slice and B of next slice informed to the customer in confirmation table. 
are disregarded. Note 2) Expression of B*nF can be used for indicating that 
3) Bit pattern (BNPF) slice for all ROM address shall be the same contents of foregoing slice are applicable 
indicated. Initial ROM address in “Confirmation sheet of from this word to following n words. 
specification” is, therefore always 0 for BNPF. For example, when B*4F is indicated at 10th word 
B ..... shows beginning of the word position, the contents of 9th word are repeated for 
N se shows 0 of one bit data 10, 11, 12 and 13th word. 
Pees shows | of one bit data (Content of X is not always repeated even in this 
Bo sn shows end of the word case.) 
Note 1) X can be used expect for P and N for indication of n is grater than 1 and less than final address of ROM. 
word contents of BNPF slice. This X means that bit Note 3) When vacancy of ROM exists, combination of Note 
can be either P or N (don’t care). X shall be 1) and Note 2) is usefull. 


determined by HITACHI for testing and shall be 
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Customer . HITACHI 






Customers P/N 
chip select & 

other informa- 
tion 







Et ROM code 


Choice 
of Media 
















” 


“Organizational Data 
and "Specification 
Confirmation Sheet” 


oe 


“Organizational Data 


ee poo “Specification Conf- 
irmation Sheet” 
OK ROM code 
LL sctensakioe 
Analysis 
Customer's HITACHI’s 
responsibility responsibility 
Mask 
making 
report 


Figure 20 Flow chart of Mask ROM Development 








same as 
input 
medium 
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ACIA (Asynchronous Communications 
Interface Adapter) 


The HD6850 Asynchronous Communications Interface 
Adapter provides the data formatting and control to interface 
serial asynchronous data communications information to_bus 
organized systems such as the HMCS6800 Microprocessing Unit. 

The bus interface of the HD6850 includes select, enable, 
read/write, interrupt and bus interface logic to allow data 
transfer over an 8-bit bi-directional data bus. The parallel data 
of the bus system is serially transmitted and received by the 
asynchronous data interface, with proper formatting and error 
checking. 

The functional configuration of the ACIA is programmed via 
the data bus during system initialization. A programmable 
Control Register provides variable word lengths, clock division 
ratios, transmit control, receive control, and interrupt control. 
For peripheral or modem operation three control lines are 
provided. 


HD6850, HD68A50 


(DC-24) 


HD6850P, HD68A50P 


FEATURES 

Serial/Parallel Conversion of Data 

Eight and Nine-bit Transmission 

Insertion and Deleting of Start and Stop Bit 
Optiona! Even and Odd Parity 

Parity, Overrun and Framing Error Checking 
Peripheral/Modem Control Functions (Clear to Send (DP-24) 
CTS, Request to Send RTS, Data Carier Detect DCD) 
Optional + 1, + 16, and + 64 Clock Modes 

Up to 500kbps Transmission 

Programmable Control Register 

N-channel Silicon Gate Process 

Compatible with MC6850 and MC68A50 


® BLOCK DIAGRAM 


TxCLK 4 



































cs § Transmit Transmit 
een 4 Data Shift 6 
9 Regist Register 
RS ; egister g HD6850 
24 cTS 
0, 22 
D, 21 
b? 20 7 
a 19 
D, 18 23 DCD 
OD, 17 
D, 16 5 RTS 
oO, 1 5 
Receive Parity , 
(Top View) 
Receive Receive 
Data |G Shift 2 Rx Data 
Register Register 
Rx CLK 3 
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# ABSOLUTE MAXIMUM RATINGS 


Symbol 
3~ +70 
“0.3 ~ 97.0 
“20175 
“55 ~ +150 























Supply Voltage 
Input Voltage 

Operating Temperature 
Storage Temperature 





* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be 
under recommended operating conditions. If these conditions are exceeded, it could affect relia- 
bility of LSI. 


® RECOMMENDED OPERATING CONDITIONS 







Supply Voltage 






input Voltage 
Operating Temperature 


* With respect to Vgg (SYSTEM GND) 


@® ELECTRICAL CHARACTERISTICS 
©@ DC CHARACTERISTICS (Vcc =5Vt5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


fem [Symbol] _TestGondivion | min] wo"] mex | Uni 























Input “High” Voltage All Inputs Vin 
Input Leakage Current RW, CSo,CS1,CS2,E | lin Vin=0~5.25V | -25 | - | 25 
Three-State (Off State) Re = 4~ = 
Input Current Do D, Its) Vin 0.4 2.4V -10 10 
Do~D;, lou =-205nA, Enable 24 - _ 
aLiecaey Pulse Width < 25us : 
Output “High” Voltage +— Vou i= = oauA Enable 
OH ; _ 7 
iaData BTS Pulse Width < 25us 2.4 
Output “Low” Voltage All outputs Vou fore Wink gue i rm 0.4 
Output Leakage Current — 2 
(Off State) {Ra leon VoH=2.4V = - 10 
Do~Dy =f = 8 
E, TxCLK, RxCLK, Vin=OV, Ta=25°C, 
Input Capacitance R/W. RS, RxData, CSo, Cy fn OMMz" : 7 ne 
CS,, CS,, CTS, DCD 
RTS, TxData = =25° = = 
dossaccica a; Seebaaamemien cel RT A per ee 


* T,=25°C, Vec=5V 
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Vv 
LA 


pA 


vA 
mW 


pF 


pF 
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@ AC CHARACTERISTICS 
1. TIMING OF DATA TRANSMISSION 





















































Item min typ max Unit 
Minimum Clock Pulse Width ENGOt Moots vet 2 ae e00 eat oe We 
+16, +64 Modes | PWoy, [ Fig. 2 600 = — [as 
Clock Frequency eNO f, + ea = ee Oh kHz 

+16, +64 Modes - - 800 

Clock-to-Data Delay for Transmitter ttop Fig. 3 [ a a 1.0 [— us 
Receive Data Setup Time |= 1 Mode tas Fig. 4 500 — =, ns 
Receive Data Hold Time [= 1 Mode tron | Fig.5 Ne 500 zs a ns 
IRG Release Time tir Fig.6 - rer ieee us 
RTS Delay Time tats Fig. 6 | =- | - | 10 Us 
Rise Time and Fall Time Except E tr, ty TTF ls 











* 1.0 us or 10% of the pulse width, whichever is smalier. 


2. BUS TIMING CHARACTERISTICS 









































1) READ 

cm Somibel ; Test HD6850: HD68A50 nee 

ondition | min typ | max min typ | max 

Enable Cycle Time teycé Fig. 7 1.0 - _ 0.666 ie (eae Ls 
Enable “‘High’’ Pulse Width PWen Fig. 7 0.45 - 25 0.28 - 25 | us 
Enable “Low” Pulse Width PWe, Fig. 7 0.43 = = i" .698-\ ee us 
Setup Time, Address and R/W valid Re a 
to Enable positive transition tas Pig ie ~ ~ ‘ay . ~ ded 
Data Delay Time topr Fig. 7 — - 320 — _ 220 ns 
Data Hold Time ty Fig. 7* 10 caer eae 10 | eres - ns 
Address Hold Time tan Fig. 7 oe a co 10 _ ~ ns 
er Fall Time for Enable te tel Fig. 7 - 2 25 _ = 95 ag 
2) WRITE 


































































Item Symbol eae Unit 
Enable Cycle Time 
Enable “High’’ Pulse Width PWen Fig. 8 0.45 - 25 0.28 - 25 Us 
Enable “Low” Pulse Width PWer Fig. 8 0.43 - _ 0.28 ~ ~ Us 
Setup Time, Address and R/W : | [ 
valid to Enable positive transition tas Pigne ie a _ sai ~ - ee 

: : [oot 2 er er aac 
Data Setup Time tosw Fig. 8 195 _ _ 80 - - ns 
Data Hold Time 8 10 _ - 10 _ _ ns 
Address Hold Time 8 10 |. = = 10 = = ns 
= Fall Ti 

Rise and Fall Time for Enable 8 _ . 25 _ - 25 re 
Input 
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PWeL 


Tx CLK 
or 
Rx CLK 0.8V 


Figure 1 Clock Pulse Width, “Low” State 


Tx CLK 
0.8V 
trpp 


2.4V 
Tx Data 


0.4V 


Figure 3 Transmit Data Output Delay 


Rx CLK 2.0V 






Rx Data 


Figure 5 Receive Data Hold Time (+1 Mode) 


teycE 


tas PWenH 
Enable aL OV 


RS, CS, R/W 


aah 
Cosy 
Data Bus Ee: 





Tx CLK 2.0V 
or 
Rx CLK 
PWeoH 


Figure 2 Clock Pulse Width, “High” State 


Rx Data 


Rx CLK 





Figure 4 Receive Data Setup Time (+1 Mode) 





* (1) IRQ Release Time applied to Rx Data Register read operation. 
(2) IRG Release Time applied to Tx Data Register write operation. 
(3) IRQ Release Time applied to control Register write TIE = 0, 

RIE = 0 operation. 


** IRQ Release Time applied to Rx Data Register read operation 
right after read status register, when IRQ is asserted by DCD 
rising edge. 


(Note) Note that followings take place when IRQ is asserted by the 
detection of transmit data register empty status. IRQ is 
released to “High’’ asynchronously with E signal when 
CTS goes “‘High’’. (Refer to Figure 14) 


Figure 6 RTS Delay and IRO Release Time 


Figure 7 Bus Read Timing Characteristics 
(Read information from ACIA) 
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teycE 
PWeL 
2.0V 
Enable fi 0.8V 
ter ter 
tas tosw 


rs,cs,riw MX AS, | | 3 
taH 
try 


Data Bus ( ay . 


Figure 8 Bus Write Timing Characteristics 
(Write information into ACIA) 


Load A Load B 


pac ck 5.0V 
(D,~D,, RTS, Tx Data) BW Vcc! (TRO Only) 





Ry =2.4k2 3kQ 
Test Point Test point 
| 
C = 130pF for D, ~D, R = 11k for 0,~D, 
= 30pF for RTS and Tx Data = 24k2. for RTS and Tx Data 
All diodes are 182074 @ or Equivalent. 
Figure 9 Bus Timing Test Loads 
M ee pe ee we ge we oe o_o om — ee cy ee ee ey ee ee pretas 
Shans CHE ie ee a 
| I | | | | | | | 
i | | | | | | | | 
| | | | | ! | | | 
ei i ee a Lie 
G 
DATA BITS 
BIT TIME 
D, D, D, Dz, 0D, PARITY STOP STOP 
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Figure 10 110 Baud Seria! ASCII Data Timing 


@ HITACHI 743 


HD6850,HD68A50 




















MARKING Pe Eee oe a cme emune ewe meee come 

| | | | | | | | | 

| | | | | | | | | 

Po Foy Foto tot ot | 
SPACING eer Wapener el (ieee SRNR ened! (Panainre Meme! Alper ae ey 

DATA BITS 
BIT TIME 
(SEE TABLE 
BELOW) 
START D, D, D, D,; D, D,  D, PARITY STOP 
BIT BIT BIT 
CHARACTER TIME @ 15 & 30 CPS (10 BITS) 
(SEE TABLE BELOW) 
BAUD RATE 
CHARACTERS/SEC 
BIT TIME (msec) 
BIT TIME =———SEC 
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Figure 11 150 & 300 Baud Serial ASCII Data Timing 
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Figure 12 Send a 7 Bit ASCII Char, ‘‘H” Even Parity 
— 2 Stop Bits H = 48,, = 1001000, 


® DATA OF ACIA 

HD6850 is an interface adapter which controls transmission 
and reception of Asynchronous serial data. Some examples of 
serial data are shown in Figs. 10 ~ 12. 


s INTERNAL STRUCTURE OF ACIA 
HD6850(ACIA) provides the following; 8-bit Bi-directional 

Data Buses (Dp~D-), Receive Data Input (Rx Data), Transmit 
Data Output (Tx Data), three Chip Selects (CSp, CS,, CS3), 
Register Select Input (RS), Two Control Input (Read/Write 
(R/W), Enable(E) , Interrupt Request Output(IRQ), Clear-to- 
Send (CTS) to control the modem, Request-to-Send (RTS), 
Data Carrier Detect(DCD) and Clock Inputs(Tx CLK, Rx CLK) 
used for synchronization of received and transmitted data. This 
ACIA also provides four registers; Status Register, Control 
Register, Receive Register and Transmit Register. 

24-pin dual-in-line type package is used for the ACIA. Inter- 
nal Structure of ACIA is illustrated in Fig. 13. 


# ACIA OPERATION 
@ Master Reset 

ACIA has an internal master reset function controlled 
by software, since it has no hardware reset pin. Bit 0 and 
bit 1 of control register should be set to “11” to execute 
master reset, also bit 5 and bit 6 should be programmed to 
get predetermined RTS output accordingly. To release the 
master reset, the data other than “11” should be written into 
bit 0, bit 1 of the control register. When the master reset is 
released, the control register needs to be programmed to get 
predetermined options such as clock divider ratios, word 
length, one or two stop bits, parity (even, old, or none), etc. 
__It may happen that “Low” level output is provided in 
IRQ pin during the time after power-on till master reset. In 
the system using ACIA, interrupt mask bit of MPU should be 
released after the master reset of ACIA. (MPU interrupt should 
be prohibited until MPU program completes the master reset 
of ACIA.) Transmit Data Register (TDR) and Receive Data 
Register (RDR) can not be reset by master reset. 
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Figure 13 Internal Structure of ACIA 


®@ Transmit 

A typical transmitting sequence consists of reading the ACIA 
Status Register .either as a result of an interrupt or in the 
ACIA’s turn in a polling sequence. A character may be written 
into the Transmit Data Register if the status read operation has 
indicated that the Transmit Data Register is empty. This 
character is transferred to a Shift Register where it is serialized 
and transmitted from the Transmit Data output preceded by a 
start bit and followed by one or two stop bits. Internal parity 
(odd or even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. After the 
first character is written in the Data Register, the Status 
Register can be read again to check for a Transmit Data Register 
Empty condition and current peripheral status. If the register is 
empty, another character can be loaded for transmission even 
though the first character is in the process of being transmitted 
(because of double buffering). The second character will be 
automatically transferred into the Shift Register when the first 
character transmission is completed. This sequence continues 
until all the characters have been transmitted. 


@ Receive 

Data is received from a peripheral by means of the Receive 
Data input. A divide-by-one clock ratio is provided for an 
externally synchronized clock (to its data) while the divide-by- 
16 and 64 ratios are provided for internal synchronization. Bit 
synchronization in the divide-by-16 and 64 modes is initiated by 
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the detection of the leading mark-space transition of the start 
bit. False start bit delection capability insures that a full half bit 
of a start bit has been received before the internal clock is 
synchronized to the bit time. As a character is being received, 
parity (odd or even) will be checked and the error indication 
will be available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine if a 
character has been received from a peripheral. If the Receiver 
Data Register is full, the character is placed on the 8-bit ACIA 
bus when a Read Data command is received from the MPU. 
When parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strip the parity bit (D,=“‘0"’) so that data 
alone is transferred to the MPU. This feature reduces MPU 
programming. The Status Register can continue to be read again 
to determine when another character is available in the Receive 
Data Register. The receiver is also double buffered so that a 
character can be read from the data register as another character 
is being received in the Shift register. The above sequence con- 
tinues until all characters have been received. 


® ACIA INTERNAL REGISTERS 

The ACIA provides four registers; Transmit Data Register 
(TDR), Receive Data Register(RDR), Control Register(CR) and 
Status Register(SR). The content of each of the registers is 
summarized in Table 1. 
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Table 1 Definition of ACIA Register Contents 




















Buffer 1. RANE 4° B/WN= =Q0 > R/W= =O: R/W= 
Address RS=1° R/W=0 RS=1 ° R/W=1 RS=0 + R/W=0 RS=0 + R/W=1 
Data Bus ay pissin Control Register Status Register 
(Write Only) (Read Only) (Write Only) (Read Only) 
wip . Counter Divide Rx Data Reg. Full 
0 Data Bit 0 Data Bit 0 Select (CRO) (RDRF) 
: ; Counter Divide Tx Data Reg. Empty 
1 Data Bit 1 Data Bit 1 Select (CR1) (TDRE) 






























2 Data Bit 2 Data Bit 2 Data Carrier Detect 
3 Data Bit 3 Data Bit 3 sis : Clear togend 

. = 
5 Data Bit 5 Data Bit 5 Tx Scney 1 vile 

6 Data Bit 6 Data Bit 6 Tx ane 2 gn ao 

7 Data Bit 7*** Data Bit 7** Rx pe Enable at 7 ac 





* Leading bit = LSB = Bit 0 
** Data bit will be zero in 7-bit plus parity modes. 
*** Data bit is “don't care” in 7-bit plus parity modes. 
eee 7... “High” level, 0... “Low” level 


e@ Transmit Data Register (TDR) 

Data is written in the Transmit Data Register during the 
negative transition of the enable (E) when the ACIA has been 
addressed and RS~ R/W is selected. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go “0”. Data can then be transmitted. If the 
transmitter is idling and no character is being transmitted, then 
the transfer will take place within 2 bit time + several E cycles 
of the trailing edge of the Write command. If a character is 
being transmitted, the new data character will commence as 
soon as the previous character is complete. The transfer of 
data causes the Transmit Data Register Empty (TDRE) bit to 
indicate empty. 


@ Receive Data Register (RDR) 

Data is automatically transferred to the empty Receive Data 
Register (RDR) from the receiver deserializer (a shift register) 
upon receiving a complete character. This event causes the 
Receive Data Register Full bit (RDRF) on the status buffer to 
go “1” (full). Data may then be read through the bus by ad- 
dressing the ACIA and R/W “High” when the ACIA is enabled. 
The non-destructive read cycle causes the RDRF bit to be 
cleared to empty although the data is retained in the RDR. The 
status is maintained by RDRF as to whether or not the data 
is current. When the Receive Data Register is full, the automatic 
transfer of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid with its 
current status stored in the Status Register. 


@ Control Register 
The ACIA Control Register consists of eight bits of write- 
only buffer that are selected when RS and R/W are “‘Low’’. This 


register controls the function of the receiver, transmitter, 
interrupt enables, and the Request-to-Send (RTS) peripheral/ 
modem control output. 


Counter Divide Select Bits (CRO and CR1) 

The Counter Divide Select Bits (CRO and CR1) determine 
the divide ratios utilized in both the transmitter and receiver 
section of the ACIA. Additionally, these bits are used to provide 
a master reset for the ACIA which clears the Status Register 
(except for external conditions on CTS and DCD) and initializes 
both the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a power 
fail/restart, these bits must be set “1” to reset the ACIA. After 
resetting, the clock divide ratio may be selected. These counter 
select bits provide for the following clock divide ratios: 


Table 2 Function of Counter Devide Select Bit 





Function 
+1 
+16 
+64 
Master Reset 









=_ - © Oo 


Word Select Bits (CR2, CR3, and CR4) 
The Word Select bits are used to select word length, parity, 
and the number of stop bits. The encoding format is as follows: 
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Table 3 Function of Word Select Bit 











CR4 | CR3 | CR2 Function 
0 0 0 7 Bits + Even Parity + 2 Stop Bits 
0 0 1 7 Bits + Odd Parity + 2 Stop Bits 
0 1 0 7 Bits + Even Parity + 1 Stop Bit 
0 1 1 7 Bits + Odd Parity + 1 Stop Bit 
1 0 0 8 Bits + 2 Stop Bits 
1 0 1 8 Bits + 1 Stop Bit 
1 1 0 8 Bits + Even Parity + 1 Stop Bit 
1 1 1 8 Bits + Odd Parity + 1 Stop Bit 


Word length, Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 


Transmitter Control Bits (CR5 and CR6) 

Two Transmitter Control bits provide for the control of 
the interrupt from the Transmit Data Register Empty condition, 
the Request-to-Send (RTS) output, and the transmission of a 
Break level (space). The following encoding format is used: 


Table 4 Function of Transmitter Control-Bit 


CR6 | CR5 Function 
0 RTS = “Low”, Transmitting Interrupt Disabled. 
0 1 RTS = “‘Low”, Transmitting Interrupt Enabled. 
1 0 RTS = “High”, Transmitting Interrupt 
Disabled. 
1 1 RTS = "Low", Transmits a Break level on 
the Transmit Data Output. 








Transmitting Interrupt Disabled. 


Receive Interrupt Enable Bit (CR7) 

The following interrupts will be enabled by a “1” in bit 
position 7 of the Control Register (CR7): Receive Data 
Register Full, Overrun, or a “Low” to “High” transistion on the 
Data Carrier Detect (DCD) signal line. 


RORF Flag RIE 
Internal RORF Flag 
Receiver VAN Flag 'RQ 
CO Flag 
internal TORE Flag 
Transmitter 
TIE 
CTS Input TDRE Flag 


Figure 14 [RQ Internal Circuit 
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e@ Status Register 

Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is “Low” and R/W is “High” 
Information stored in this register indicates the status of the 
Transmit Data Register, the Receive Data Register and error 
logic, and the peripheral/modem status inputs of the ACIA. 


Receive Data Register Full (RDRF), Bit 0 

RDRF indicates that received data has been transferred to 
the Receive Data Register. RDRF is cleared after an MPU read 
of the Receive Data Register or by a master reset. The cleared or 
empty state indicates that the contents of the Receive Data 
Register are not current. Data Carrier Detect (DCD) being 
“High” also causes RDRF to indicate empty. 


Transmit Data Register Empty (TDRE), Bit 1 

The Transmit Data Register Empty bit being set 
indicates that the Transmit Data Register contents have been 
transferred and that new data may be entered. The ‘‘0” state 
indicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 


iT} 1” 


Data Carrier Detect (DCD), Bit 2 

The DCD bit will be “1”” when the DCD input from a modem 
has gone “‘High” to indicate that a carrier is not present. This bit 
going “1” causes an Interrupt Request to be generated when the 
Receive Interrupt Enable is set. It remains “1” after the DCD 
input is returned “Low” until cleared by first reading the Status 
Register and then the Data Register or until a master reset 
occurs. If the DCD input remains “High” after read status and 
read data or master reset has occurred, the interrupt is cleared, 
the DCD status bit remains “1” and will follow the DCD input. 





Clear-to-Send (CTS), Bit 3 

The CTS bit indicates the state of the CTS input from a 
modem. A “Low” CTS indicates that there is a from the 
modem. In the “High state, the Transmit Data Register Empty 
bit is inhibited and the CTS status bit will be “1”. Master reset 
does not affect the Clear-to-Send Status bit. 


Framing Error (FE), Bit 4 

FE indicates that the received character is improperly framed 
by a start and a stop bit and is detected by the absence of the 
Ist stop bit. This error indicates a synchronization error, faulty 
transmission, or a break condition. The FE flag is set or reset 
during the receive data transfer time. Therefore, this error 
indicator is present throughout the time that the associated 
character is available. 


Receiver Overrun (OVRN), Bit 5 

Overrun is an error flag that indicates that one or more 
characters in the data stream were lost. That is, a character or a 
number of characters were received but not read from the 
Receive Data Register (RDR) prior to subsequent characters 
being received. The overrun condition begins at the midpoint of 
the last bit of the second’ character received in succession 
without a read of the RDR having occurred. The overrun does 
not occur in the Status Register until the valid character prior to 
Overrun has been read. The RDRF bit remains set until the 
Overrun is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a Master 
Reset. 
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Parity Error (PE), Bit 6 

The PE flag indicates that the number of “1”’s (highs) in the 
character does not agree with the preselected odd or even 
parity. Odd parity is defined to be when the total number of 
ones is odd. The parity error indication will be present as long as 
the data character is in the RDR. If no parity is selected, then 
both the transmitter parity generator output and the receiver 
parity check results are inhibited. 


Interrupt Request (1RQ), Bit 7 - 

The IRQ bit indicates the state of the IRQ output, Any 
interrupt condition with its applicable enable will be indicated 
in this status bit. Anytime the IRQ output is “Low” the IRQ bit 
will be “1” to indicate the interrupt or service request status. 
IRQ is cleared by a read operation to the Receive Data Register 
or a write operation to the Transmit Data Register. 


= SIGNAL FUNCTIONS 
@ Interface Signal for MPU 


Bi-Directional Data Bus (Dp ~D-) 

The bi-directional data bus (Dp~D7,) allow for data transfer 
between the ACIA and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance (off) 
state except when the MPU performs an ACIA read operation. 


Enable (E) 

The Enable signal, E, is a high impedance TTL compatible 
input that enables the bus input/outnut data buffers and clocks 
data to and from the ACIA. This signal will normally be a 
derivative of the HMCS6800 ¢2 Clock. 


Read/Write (R/W) 

The R/W line is a high impedance input that is TTL 
compatible and is used to control the direction of data flow 
through the ACIA’s input/output data bus interface. When R/W 
is “High” (MPU Read cycle), ACIA output drivers are turned on 
and a selected register is read. When it is “Low”, the ACIA 
output drivers are turned off and the MPU writes into a selected 
register. Therefore, the R/W signal is used to select read-only or 
write-only registers within the ACIA. 


Chip Select (CS,, CS,, CS2) 

These three high impedance TTL compatible input lines are 
used to address the ACIA. The ACIA is selected when CS and 
CS, are “High” and CS, is “Low”. Transfers of data to and 
from the ACIA are then performed under the control of the 
Enable signal, Read/Write, and Register Select. 


Register Select (RS) 

The RS line is a high impedance input that is TTL 
compatible. A “High” level is used to select the Transmit/ 
Receive Data Registers and a “Low” level the Control/Status 
Registers. The R/W signal line is used in conjunction with 
Register Select to select the read-only or write-only register in 
each register pair. 


Interrupt Request (IRQ) 

TRO is a TTL compatible, open-drain (no internal: pullup), 
active “Low” output that is used to interrupt the MPU. The 
IRQ output remains “Low” as long as the cause of the interrupt 
is present and the appropriate interrupt enable within the ACIA 
is set. 





Clock Inputs 

Separate high impedance TTL compatible inputs are pro- 
vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16 or 64 times the data rate may be selected. 


Transmit Clock (Tx CLK) 

The Tx CLK input is used for the clocking of transmitted 
data. The transmitter initiates data on the negative transition of 
the clock. 


Receive Clock (Rx CLK) 

The Rx CLK input is used for synchronization of received 
data. (In the + 1 mode, the clock and data must be 
synchronized externally.) The receiver samples the data on the 
positive transition of the clock. 


e Serial Input/Output Lines 


Receive Data (Rx Data) 

The Rx Data line is a high impedance TTL compatible input 
through which data is received in a serial format. Synchroniza- 
tion with a clock for detection of data is accomplished internal- 
ly when clock rates of 16 or 64 times the bit rate are used. Data 
rates are in the range of O to 500 kbps when external 
synchronization is utilized. 


Transmit Data (Tx Data) 

The Tx Data output line transfers serial data to a modem or 
other peripheral. Data rates in the range of 0 to 500 kbps when 
external synchronization is utilized. 


Modem Control 

The ACIA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
CTS, RTS and DCD. 


Clear-to-Send (CTS) 

This high impedance TTL compatible input provides auto- 
matic control of the transmitting end of a communications link 
via the modem CTS active “Low” output by inhibiting the 
Transmit Data Register Empty (TDRE) status bit. 


Request-to-Send (RTS) 

The RTS output enables the MPU to control a peripheral or 
modem via the data bus. The RTS output corresponds to the 
state of the Control Register bits CR5 and CR6. When CR6=0 
or both CRS and CR6=1, the RTS output is “Low” (the active 
state). This output can also be used for Data Terminal Ready 
(DTR). 


Data Carrier Detect (DCD) 

DCD is the input signal corresponding to the “carrier 
detect” signal which shows carrier detect of modem. 

DCD signal is used to control the receiving operation. When 
DCD input goes “High”, ACIA stops all the receiving operation 
and sets receiving part in reset status. It means that receive 
shift register stops shifting, error detection circuit and syn- 
chronization circuit of receive clock are reset. When DCD is 
in “High” level, the receiving part of ACIA is kept in initial 
status and the operation in the receiving part is prohibited. 
When DCD goes “Low”, the receiving part is allowed to 
receive data. In this case, the following process is needed to 
reset DCD flag and restarts the receive operation. (Refer to 


748 @ HITACHI 





HD6850,HD68A50 
Figure 15.) 


(1) Return DCD input from “High” to “Low”. 
(2) Read status register. (DCD flag = “1”) 
(3) Read receive data register (Uncertain data will be read.) 


DCD input 


DCD flag 


(RIE = bet | y 
Status Register Read 


Rx Data Register Read 


ea 


All the receiving operation are prohibited and ACIA is stopped 
in this period. 


Figure 15 DCD Flag Timing Chart 


® Note for Use 


Input Signal, which is not necessary for user’s application, 


applicable to the following signal pins. 
should be used fixed to “High” or “Low” level. This is 


Rx Data, Rx CLK, Tx CLK, CTS, DC 
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MICROCOMPUTER SYSTEM 
HD6350, HD63A50, HD63B50 
CM OS ACIA (Asynchronous Communications Interface Adapter) 


The HD6350 CMOS Asynchronous Communications Inter- 
face Adapter provides the data formatting and control to 
interface serial asynchronous data communications informa- 
tion to bus organized systems such as the HMCS6800 Micro- 
processing Unit. 

The bus interface of the HD6350 includes select, enable, 
read/write, interrupt and bus interface logic to allow data 
transfer over an 8-bit bi-directional data bus. The parallel data 
of the bus system is serially transmitted and received by the 
asynchronous data interface, with proper formatting and 
error checking. 

The functional configuration of the ACIA is programmed 
via the data bus during system initialization. A programmable 
Control Register provides variable word lengths, clock division HD6350FP, HD63A50FP, HD63B50FP 
ratios, transmit control, receive control, and interrupt control. 
For peripheral or modem operation three control lines are 
provided. Exceeding Low Power dissipation is realized due 
to adopting CMOS process. 


HD6350P, HD63A50P, HD63B50P 


FEATURES 

Low-Power, High-Speed, High-Density CMOS 
Compatibie with NMOS ACIA (HD6850) 
Serial/Parallel Conversion of Data 

Eight and Nine-bit Transmission 

Optional Even and Odd Parity (FP-24) 
Parity, Overrun and Framing Error Checking : 
Peripheral/Modem Control! Functions (Clear to Send The Flat Package product is under development. 
CTS, Request to Send RTS, Data Carrier Detect DCD) 

Optional + 1, + 16, and + 64 Clock Modes ® PIN ARRANGEMENT 

Up to 500kbps Transmission 





= BLOCK DIAGRAM 
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® ABSOLUTE MAXIMUM RATINGS 


Oa~ 470 


Vin - -0.3 ~ +7.0 
Hol 10 


-20 ~ +75 
Storage Temperature 


-55 ~ +150 
* With respect to Veg (SYSTEM GND) 


** Maximum output current is the maximum current which can flow out from one output terminal or 
1/0 common terminal (Dy ~ D7, RTS, Tx Data, TRG). 
(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be 
under recommended operating conditions. If these conditions are exceeded, it could affect relia- 
bility of LSI. 



















Supply Voltage 
Input Voltage 







Maximum Output Current** 


Operating Temperature 





Tota 


= RECOMMENDED OPERATING CONDITIONS 


Item [Symbol [min | typ | max | unit 
Supply Voltage | Vcc" | 48 


Input “Low” Voltage Vi” 


| 50 
Oe Wh ees 
ee Do ~ D,, RS, Tx CLK, DCD, CTS, Peer ee 7 
Input “High Rx Data Vie® cc v 
| -20 | 25 


Volt ata — 
ee CS,, CS:, CS,, R/W, E, Rx CLK 


Operating Temperature 


* With respect to Veg (SYSTEM GND) 


Vec 
75 G 





® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc =5V 110%, Vgs = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


Item Symbol Test Condition min typ max Unit 
Do ~D;, RS, Tx CLK, 2.0 Vv 
Input “High” Voltage DED, ETe, Rebate : a Vv 
“ $$ 
ne ? CSp, CS;, CS, RAW, E, 53 , 
Rx CLK oa ed ee OO er 
Input “Low” Voltage All Inputs -0.3 - 0.8 Vv 





Input Leakage Current R/W, CS, CS,, CS2, E lin Vin =O ~ Vee -2.5 - 2.5 HA 


Three-State (Off State) 


Input Current Do~D, I+s) Vin = 04~ Vec -10 - 10 LA 







lou = ~400 uA 41 - cad 
fou < -10 vA Vec-0.1 -_ _ 
lon i ~400 uA 


lon < -10 uA Veet. = [i= | 


Output “Low” Voltage | All Outputs Vor | ton=1.6mA Seas Se 


Output “High” Voltage 





Tx Data, RTS 








Output Leakage Current ar 
(Oft State] : IRQ lLou Vou = Vee = - 10 uA 
a MERE 
= = 96° Fo ee 
Input Capacitance E, Tx CLK, Rx CLK, : Vin = OV, Ta = 25 C, 
eee R/W, RS, Rx Data, CS,, | °i® f = 1.0 MHz - 2 75 | PF 
CS,, CS,, CTS, OCD 










RTS, Tx Data 
iRO 
@ Under transmitting and 
Receiving operation 
© 500 kbps 
e Data bus R/W operation 
@ When the chip is not 
Supo! rrent selected 
upp oulren e 500 kbps 
e Under non transmitting 
and receiving operation 
@ Input level (Except E) 
Vin min = Voc -0.8V E = 2.0 MHz - - 300 


Vit max = 0.8V | 


Output Capacitance pF 







mA 


lec 


E = 1.5 MHz 
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@ AC CHARACTERISTICS (Vcc = 5.0V +10%, Vg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 
1. TIMING OF DATA TRANSMISSION 


Symbo) |. Test |__HD6350__ | HD63A50 HD63B50 | 
: : ig. 
Minimum Clock Pulse | + 16, + 64 Modes os 


| 900 | —- | 680 | — | 
Width -300_| a 

P= [8007 [=] 

a 

= 


+1 Mode 

Clock Frequency 2 46 = 64 Modes fc 
| trop _| 
| trosu_| 
| tron | 

tir 
| tars | 
Be 


S153 ;5 ]3 
AlnIlA Tw 





kHz 
ns 
ns 


Clock-to-Data Delay for Transmitter ttpp 


540 
a 
900 


ns 


x 
x= 
N 


Receive DataHold Time |= 1Mode =| troy 250 










































IRO Release Time | Fig 6 | — | 700 ns 
ATS Delay Time ters | Fi | = | 560 [= [480 [ = [#00 [ “re 
Rise Time and Fall Time tote | | = [1000] — | 500 | | 250 | ns 
* 4.0 us or 10% of the pulse width, whichever is smaller. 
2. BUS TIMING CHARACTERISTICS 
1) READ 
Test HD6350 HD63A50 HD63B50 
nit Symbol | Condition [min | max _| min [max | min | max | UN 
Enable Cycle Time 1000 | — 666 | -— | 500 | - | os 
Enable ‘‘High’’ Pulse Width 450 = 280 | - | 220 | - ns 
Enable ‘‘Low’’ Pulse Width 430 280 _ ns 
Setup Time, Address and RW Valid the Fig. 7 = rig 
to Enable Positive Transition 
Data Delay Time | toon | Fig? | — | 290 | — | 180 | — | 150 ns 
Data Hold Time | tH | Fig.7 | 20 | 100 | 20 100 | 20 100 ns 
Address Hold Time | tan | Fig? | 10 | — | 10 | — | 10 | - ns 
Rise and Fall Time for Enableinput__| ter,ter_ | Fig.7 | — | 25 | - | 25 | — | 20 ns 
2) WRITE 
Test HD6350 HD63A50 HD63B50 
oo Symbol {Condition [min [max | min [max [min [ max_| Ot 
Enable Cycle Time teyee | Fig.8 =| 1000 | -— | 666 | - | 500 | —- | ns 
Enable “High” Pulse Width | PWen | Fig.8 | 450 | - | 280 — | 220 | - | ns 
Enable ‘‘Low’’ Pulse Width | PWer | Fig.8 | 430 - 280 - | 210 | - | ns 
Setup Time, Address and R/W “ 2s 
Valid to Enable Positive Transition tas | Fig. Be tee a tee si a 
Data Setup Time tosw | Fig.8 | 165 | — | 80 - 60 - ns 
Data Hold Time ity | Fig 8 [| 10 [| —- [| 10 | — | 10 | - | ns 
Address Hold Time ae ree 0 Oo = oe) 
Rise and Fall Time for Enable Input | ter ter _| Fi 8 | - | 28 | - | 2 | - | 20 | ns 
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PWeL 
Tx CLK 
or 
Rx CLK 0.8V 


Figure 1 Clock Pulse Width, ‘““Low”’ State 


Tx CLK 





Figure 3 Transmit Data Output Delay 


Rx CLK 2.2V 


tRDH 


Rx Data 2.0V 
.8V 


Figure 5 Receive Data Hold Time (+1 Mode) 


Tx CLK 2.2V 
or 
Rx CLK 


PWewH 
* Tx CLK is Vip = 2.0V 


Figure 2 Clock Pulse Width, ‘‘High’”’ State 


Rx Data 


Rx CLK 





Figure 4 Receive Data Setup Time (+1 Mode} 


Enable 





iRQ 


* (1) IRQ Release Time applied to Rx Data Register read operation. 


(2) TRO Release Time applied to Tx Data Register write operation. 
(3) TRG Release Time applied to contro! Register write TIE = 0, 
RIE = 0 operation. 


** IRQ Release Time applied to Rx Data Register read operation 


right after read status register, when IRQ is asserted by DCD 
rising edge. 


(Note) Note that followings take place when IRQ is asserted by the 


detection of transmit data register empty status. TRO is 
released to “High’’ asynchronously with E signal when 
CTS goes ‘‘High’’. (Refer to Figure 14) 


Figure 6 RTS Delay and [RO Release Time 


754 
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tas PWenH PWeL 
Enable ip . 


0.8 


tes 
LD 


TAH 
tH 


Veco — 2.0V 
Data Bus U hauee aa 


Figure 7 Bus Read Timing Characteristics 
(Read information from ACIA) 
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teycé 
PWen 
PW 
Enable 2.2 a 
0.8V 
i ter tet 
AS tosw 


ns,cs.AW Mcay | | - 


Data Bus 


Figure 8 Bus Write Timing Character istics 
(Write information into ACIA) 


Load A Load B cay 
(D, ~D,, RTS, Tx Data) =.0¥.(Vice) (IRQ Only) 
R= 2.4kQ 3kQ 
Test Point Test point 


100pF 





C = 130pF for 0,~D, 
= 30pF for RTS and Tx Data 

R= 10k for Dy ~ D,, RTS and Tx Data 
All diodes are.1S2074® or Equivalent. 


Figure 9 Bus Timing Test Loads 





M — — —=— o- —_—_ —_— -—_ —_— re ‘camer —— Skee —_ oem 
HENNE ican ected) ame eee (ele al (akan | 
| | | | | | | | | 
| I | | | | | | [ 
| | | | | | | [ | 
spRciwe Seams Sees ree Sneed ees! Demir! | womeeym! (See) on 
DATA BITS 
BIT TIME 9.09 Z 
msec 
START 0D, D, D, D, D, D, D, PARITY STOP STOP 


BIT 


BIT BIT BIT 


CHARACTER TIME @ 10 CPS (11 BITS) 
100 msec 





Figure 10 110 Baud Serial ASCI! Data Timing 
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MARKING cei! Giaskaan Lear Eine! Semin Siac) Gimsles! aimee ts ceaeastebias 

| | | | { | | | | 

| | | | | | | | | 

cP = | fF FEotrod 4 | 
SPACING a ace a ee a a el ie A ee | ee ao en 

; DATA BITS 
BIT TIME 
(SEE TABLE 
BELOW) 
START 0D, D, D, D, D, D, D, PARITY STOP 
BIT BIT BIT 
CHARACTER TIME @ 15 & 30 CPS (10 BITS) 
(SEE TABLE BELOW) 
BAUD RATE 150 300 
CHARACTERS/SEC 
BIT TIME (msec) 
BIT TIME = ——SEC_ 
CHARACTER TIME (msec) SAU BATE 
Figure 11 150 & 300 Baud Serial ASCII Data Timing 
MARK 


SPACE 






STOP | SToP 





Figure 12 Send a 7 Bit ASCII Char. ‘“H" Even Parity 
— 2 Stop Bits H = 48,, = 1001000, 


@ DATA OF ACIA 

HD6350 is an interface adapter which controls transmission 
and reception of Asynchronous serial data. Some examples of 
serial data are shown in Figs. 10 ~ 12. 


@ INTERNAL STRUCTURE OF ACIA 
HD6350(ACIA) provides the following; 8-bit Bi-directional 

Data Buses (Do~D;), Receive Data Input (Rx Data), Transmit 
Data Output (Tx Data), three Chip Selects (CSp, CS,, CS2), 
Register Select Input (RS), Two Control Input (Read/Write: 
R/W, Enable: E), Interrupt Request Output(IRQ), Clear-to- 
Send (CTS) to control the modem, Request-to-Send (RTS), 
Data Carrier Detect(DCD) and Clock Inputs(Tx CLK, Rx CLK) 
used for synchronization of received and transmitted data. This 
ACIA also provides four registers; Status Register, Control 
Register, Receive Register and Transmit Register. 

24-pin dual-in-line type package is used for the ACIA. Inter- 
nal Structure of ACIA is illustrated in Fig. 13. 


= ACIA OPERATION 
@ Master Reset 

ACIA has an internal master reset function controlled 
by software, since it has no hardware reset pin. Bit 0 and 
bit 1 of control register should be set to “11” to execute 
master reset, also bit 5 and bit 6 should be programmed to 
get predetermined RTS output accordingly. To release the 
master reset, the data other than “11” should be written 
into bit 0, bit 1 of the control register. When the master 
reset is released, the control register needs to be programmed 
to get predetermined options such as clock divider ratios, 
word length, one or two stop bits, parity(even, old, or none), 
etc. 

It may happen that “Low” level output is provided in 
IRQ pin during the time after power-on till master reset. 
In the system using ACIA, interrupt mask bit of MPU should . 
be released after the master reset of ACIA. (MPU interrupt 
should be prohibited until MPU program completes the master 
reset of ACIA.) Transmit Data Register (TDR) and Receive 
Data Register (RDR) can not be reset by master reset. 
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ACIA 
Ue a en i RR ge aa fs alt ge ae by ee ge Se oe | 
Vss | 
(GND) TRANSMIT DATA REGISTER (TOR) 
SERIAL DATA OUT 
a pefefefefofeafe} o | 
(+5} Tx Data | 
FROM if 
MPU DATA 
LINES (PARALLEL 
TO SERIAL CONVERTER) 
| 
DATA READ ONLY | 
LINES | 
TO 
OR | 
FROM 
MPU | 
CONTROL REGISTER (CR) | 
RACs EEA SPEER Ee 
| (SERIAL TO i a “ cee y 
PARALLEL 
| CONVERTER) WRITE : 
| 
| | 
| | 
j RXCLK ' 
| READ SERIAL DATA IN Rx Oats { 
| ONLY 
K 
eee RECEIVE DATA REGISTER (ROR) 
\ ain -_ os woe et 
cept ge | he os cs, SD ae 
INTERRUET READ ENABLE CLEAR REQUEST 
RECEIVE MPU oR TO TO 
CLOCK WRITE SEND ; SEND 
FROM signal TO 
MPU FROM MOUEM 
TRANSMIT tao) MODEM CHIP SELECT 
CLOCK REGISTER EnOM MEU DATA 
SELECT SINE CARRIER 
rn iy 
MPU 
ADDRESS MODEM 
LINE 


Figure 13 Internal Structure of ACIA 


@ Transmit 

A typical transmitting sequence consists of reading the ACIA 
Status Register either as a result of an interrupt or in the 
ACIA’s turn in a polling sequence. A character may be written 
into the Transmit Data Register if the status read operation has 
indicated that the Transmit Data Register is empty. This 
character is transferred to a Shift Register where it is serialized 
and transmitted from the Transmit Data output preceded by a 
start bit and followed by one or two stop bits. Internal parity 
(odd or even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. After the 
first character is written in the Data Register, the Status 
Register can be read again to check for a Transmit Data Register 
Empty condition and current peripheral status. If the register is 
empty, another character can be loaded for transmission even 
though the first character is in the process of being transmitted 
(because of double buffering). The second character will be 
automatically transferred into the Shift Register when the first 
character transmission is completed. This sequence continues 
until all the characters have been transmitted. 


@ Receive 

Data is received from a peripheral by means of the Receive 
Data input. A divide-by-one clock ratio is provided for an 
externally synchronized clock (to its data) while the divide-by- 
16 and 64 ratios are provided for internal synchronization. Bit 
synchronization in the divide-by-16 and 64 modes is initiated by 
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the detectica of the leading mark-space transition of the start 
bit. False start bit delection capability insures that a full half bit 
of a start bit has been received before the internal clock is 
synchronized to the bit time. As a character is being received, 
parity (odd or even) will be checked and the error indication 
will be available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine if a 
character has been received from a peripheral. If the Receiver 
Data Register is full, the character is placed on the 8-bit ACIA 
bus when a Read Data command is received from the MPU. 
When parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strip the parity bit (D,=“‘0”) so that data 
alone is transferred to the MPU. This feature reduces MPU 
programming. The Status Register can continue to be read again 
to determine when another character is available in the Receive 
Data Register. The receiver is also double buffered so that a 
character can be read from the data register as another character 
is being received in the Shift register. The above sequence con- 
tinues until all characters have been received. 


® ACIA INTERNAL REGISTERS 

The ACIA provides four registers; Transmit Data Register 
(TDR), Receive Data Register(RDR), Control Register(CR) and 
Status Register(SR). The content of each of the registers is 
summarized in Table I. 
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Table 1 Definition of ACIA Register Contents 









































Address RSet R/W=0 RS=1 + R/W=1 RS=0 - R/W=0 RS=0 + R/W=1 
Data Bus eae pestle Contro! Register Status Register 
| (Write Only) (Read Only) (Write Only) (Read Only) 
0 Data Bit 0° Data Bit 0 Se eae Rx Petar. Full 
[ewer | eae | Oe 
2 Data Bit 2 Data Bit 2 sal eta 1 Data Carrier Detect 
3 | Data Bit 3 Data Bit 3 Seca 2 Gaeen. — 
4 Data Bit 4 Data Bit 4 ba red 3 | eee 
5 Data Bit 5 Data Bit 5 Tx rein 1 rt 
6 Data Bit 6 Data Bit 6 Tx ras 2 ee 
7 Data Bit 7*** Data Bit 7** Rx ena Enable si a 


* Leading bit = LSB = Bit 0 
** Data bit will be zero in 7-bit plus parity modes. 
*** Data bit is ‘don’t care” in 7-bit plus parity modes. 
*#e* 7... “High” level, 0... “Low” level 


@ Transmit Data Register (TDR) 

Data is written in the Transmit Data Register during the 
negative transition of_the enable (E) when the ACIA has been 
addressed and RS~- R/W is selected. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go “0”. Data can then be transmitted. If the 
transmitter is idling and no character is being transmitted, then 
the transfer will take place within 2 bit time + several E cycles 
of the trailing edge of the Write command. If a character is 
being transmitted, the new data character will commence as 
soon as the previous character is complete. The transfer of 
data causes the Transmit Data Register Empty (TDRE) bit to 
indicate empty. 


@ Receive Data Register (RDR) 

Data is automatically transferred to the empty Receive Data 
Register (RDR) from the receiver deserializer (a shift register) 
upon receiving a complete character. This event causes the 
Receive Data Register Full bit (RDRF) on the status buffer to 
go “1” (full). Data may then be read through the bus by ad- 
dressing the ACIA and R/W “High” when the ACIA is enabled. 
The non-destructive read cycle causes the RDRF bit to be 
cleared to empty although the data is retained in the RDR. The 
status is maintained by RDRF as to whether or not the data 
is current. When the Receive Data Register is full, the automatic 
transfer of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid with its 
current status stored in the Status Register. 


@ Control Register 
The ACIA Control Register consists of eight bits of write- 
only buffer that are selected when RS and R/W are “Low”. This 
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register controls the functicn of the receiver, transmitter, 
interrupt enables, and the Request-to-Send (RTS) peripheral/ 
modem control output. 


Counter Divide Select Bits (CRO and CR1) 

The Counter Divide Select Bits (CRO and CR1) determine 
the divide ratios utilized in both the transmitter and receiver 
section of the ACIA. Additionally, these bits are uséd to provide 
a master reset for the ACIA which clears the Status Register 
(except for external conditions on CTS and DCD) and initializes 
both the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a power 
fail/restart, these bits must be set ‘‘1’’ to reset the ACIA. After 
resetting, the clock divide ratio may be selected. These counter 
select bits provide for the following clock divide ratios: 


Table 2 Function of Counter Devide Select Bit 








Function 
+1 
+16 
+64 
Master Reset 


= = © © 


Word Select Bits (CR2, CR3, and CR4) 
The Word Select bits are used to select word length, parity, 
and the number of stop bits. The encoding format is as follows: 
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Table 3 Function of Word Select Bit 














CR4 | CR3 | CR2 Function 
0 0 0 7 Bits + Even Parity + 2 Stop Bits 
0 0 1 7 Bits + Odd Parity + 2 Stop Bits 
0 1 0 7 Bits + Even Parity + 1 Stop Bit 
0 1 1 7 Bits + Odd Parity + 1 Stop Bit 
1 0 0 8 Bits + 2 Stop Bits 
1 0 1 8 Bits + 1 Stop Bit 
1 1 0 8 Bits + Even Parity + 1 Stop Bit 
1 1 1 8 Bits + Odd Parity + 1 Stop Bit 


Word length, Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 


Transmitter Control Bits (CR5 and CR6) 

Two Transmitter Control bits provide for the control of 
the interrupt from the Transmit Data Register Empty condition, 
the Request-to-Send (RTS) output, and the transmission of a 
Break level (space). The following encoding format is used: 


Table 4 Function of Transmitter Control-Bit 


CR6 | CR5 Function 
0 RTS = “Low”, Transmitting Interrupt Disabled. 
0 1 RTS =“‘Low”, Transmitting Interrupt Enabled. 
1 0 RTS = “High”, Transmitting Interrupt 
Disabled. 
1 1 RTS = “Low”, Transmits a Break level on 
the Transmit Data Output. 








Transmitting Interrupt Disabled. 


Receive Interrupt Enable Bit (CR7) 

The following interrupts will be enabled by a “1” in bit 
position 7 of the Control Register (CR7): Receive Data 
Register Full, Overrun, or a “Low” to “High” transistion on the 
Data Carrier Detect (DCD) signal line. 


RORF Flag RIE 
Internat RORF Fiag 
OVRN FI. iRO 
Receiver Pa iRQ 
OCD Flag 
Internal TORE Flag 
Transmitter 
TIE 
CTS Input TORE Flag 


Figure 14 IRQ Internal Circuit 
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e@ Status Register 

Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is “Low” and R/W is “High”. 
Information stored in this register indicates the status of the 
Transmit Data Register, the Receive Data Register and error 
logic, and the peripheral/modem status inputs of the ACIA. 


Receive Data Register Full (RORF), Bit 0 

RDRF indicates that received data has been transferred to 
the Receive Data Register. RDRF is cleared after an MPU read 
of the Receive Data Register or by a master reset. The cleared or 
empty state indicates that the contents of the Receive Data 
Register are not current. Data Carrier Detect (DCD) being 
“High” also causes RDRF to indicate empty. 


Transmit Data Register Empty (TDRE), Bit 1 

The Transmit Data Register Empty bit being set 
indicates that the Transmit Data Register contents have been 
transferred and that new data may be entered. The “0” state 
indicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 


ec 1” 


Data Carrier Detect (DCD), Bit 2 

The DCD bit will be “1” when the DCD input from a modem 
has gone “High” to indicate that a carrier is not present. This bit 
going “1” causes an Interrupt Request to be generated when the 
Receive Interrupt Enable is set. It remains “1” after the DCD 
input is returned “Low” until cleared by first reading the Status 
Register and then the Data Register or until a master reset 
occurs. If the DCD input remains “High” after read status and 
read data or master reset has occurred, the interrupt is cleared, 
the DCD status bit remains “1” and will follow the DCD input. 








Clear-to-Send (CTS), Bit 3 re 

The CTS bit indicates the state of the CTS input from a 
modem. A “Low” CTS input indicates that there is a CTS from 
the modem. In the “High” state, the Transmit Data Register 
Empty bit is inhibited and the CTS status bit will be “1”. 
Master reset does not affect the Clear-to-Send Status bit. 





Framing Error (FE), Bit 4 

FE flag indicates that the received character is improperly 
framed by a start and a stop bit and is detected by the absence 
of the Ist stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. The FE flag is set or 
reset during the receive data transfer time. Therefore, this error 
indicator is present throughout the time that the associated 
character is available. 


Receiver Overrun (OVRN), Bit 5 

Overrun is an error flag that indicates that one or more 
characters in the data stream were lost. That is, a character or a 
number of characters were received but not read from the 
Receive Data Register (RDR) prior to subsequent characters 
being received. The overrun condition begins at the midpoint of 
the last bit of the second character received in succession 
without a read of the RDR having occurred. The overrun does 
not occur in the Status Register until the valid character prior to 
Overrun has been read. The RDRF bit remains set until the 
Overrun is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a Master 
Reset. 
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Parity Error (PE), Bit 6 

The PE flag indicates that the number of ‘1”’s (highs) in the 
character does not agree with the preselected odd or even 
parity. Odd parity is defined to be when the total number of 
ones is odd. The parity error indication will be present as long as 
the data character is in the RDR. If no parity is selected, then 
both the transmitter parity generator output and the receiver 
parity check results are inhibited. 


Interrupt Request (IRQ), Bit 7 

The IRQ bit indicates the state of the IRQ output. Any 
interrupt condition with its applicable enable will be indicated 
in this status bit. Anytime the IRQ output is “Low” the IRQ bit 
will be “1” to indicate the interrupt or service request status. 
IRQ is cleared by a read operation to the Receive Data Register 
or a write operation to the Transmit Data Register. (Refer to 
Figure 14.) 


® SIGNAL FUNCTIONS 
@ Interface Signal for MPU 


Bi-Directional Data Bus (Dp ~D-) 

The bi-directional data bus (Do ~D-) allow for data transfer 
between the ACIA and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance (off) 
state except when the MPU performs an ACIA read operation. 


Enable (E) 

The Enable signal, E, is a high impedance TTL compatible 
input that enables the bus input/output data buffers and clocks 
data to and from the ACIA. This signal will normally be a 
derivative of the HMCS6800 ¢2 Clock. The ACIA accepts both 
continuous pulse signal and strobe type signal as Enable input. 


Read/Write (R/W) 

The R/W line is a high impedance input that is TTL 
compatible and is used to control the direction of data flow 
through the ACIA’s input/output data bus interface. When R/W 
is “High” (MPU Read cycle), ACIA output drivers are turned on 
and a selected register is read. When it is “Low”, the ACIA 
output drivers are turned off and the MPU writes into a selected 
register. Therefore, the R/W signal is used to select read-only or 
write-only registers within the ACIA. 


Chip Select (CS,, CS,, CS2) 

These three high impedance TTL compatible input lines are 
used to address the ACIA. The ACIA is selected when CS» and 
CS, are “High” and CS, is “Low”. Transfers of data to and 
from the ACIA are then performed under the control of the 
Enable signal, Read/Write, and Register Select. 


Register Select (RS) 

The RS line is a high impedance input that is TTL 
compatible. A “High” level is used to select the Transmit/ 
Receive Data Registers and a “Low” level the Control/Status 
Registers. The R/W signal line is used in conjunction with 
Register Select to select the read-only or write-only register in 
each register pair. 


Interrupt Request (IRQ) 

TRO is a TTL compatible, open-drain (no internal pullup), 
active “Low” output that is used to interrupt the MPU. The 
IRQ output remains “Low” as long as the cause of the interrupt 





is present and the appropriate interrupt enable within the ACIA 
is set. 


Clock Inputs 

Separate high impedance TTL compatible inputs are pro- 
vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16 or 64 times the data rate may be selected. 


Transmit Clock (Tx CLK) 

The Tx CLK input is used for the clocking of transmitted 
data. The transmitter initiates data on the negative transition of 
the clock. 


Receive Clock (Rx CLK) 

The Rx CLK input is used for synchronization of received 
data. (In the + 1 mode, the clock and data must be 
synchronized externally.) The receiver samples the data on the 
positive transition of the clock. 


e@ Serial Input/Output Lines 


Receive Data (Rx Data) 

The Rx Data line is a high impedance TTL compatible input 
through which data is received in a serial format. Synchroniza- 
tion with a clock for detection of data is accomplished internal- 
ly when clock rates.of 16 or 64 times the bit rate are used. Data 
rates are in the range of O to SOO kbps when external 
synchronization is utilized. 


Transmit Data (Tx Data) 

The Tx Data output line transfers serial data to a modem or 
other peripheral. Data rates in the range of 0 to 500 kbps when 
external synchronization is utilized. 


Modem Control 

The ACIA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
CTS, RTS and DCD. 


Clear-to-Send (CTS) 

This high impedance TTL compatible input provides auto- 
matic control of the transmitting end of a communications link 
via the modem CTS active “Low” output by inhibiting the 
Transmit Data Register Empty (TDRE) status bit. (Refer to 
Figure 15.) 


Request-to-Send (RTS) 

The RTS output enables the MPU to control a peripheral or 
modem via the data bus. The RTS output corresponds to the 
state of the Control Register bits CRS and CR6. When CR6=0 
or both CRS and CR6=1, the RTS output is “Low” (the active 
state). This output can also be used for Data Terminal Ready 
(DTR). (Refer to Figure 15.) 
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Transmit operation is not disabled, even if CTS goes ‘’High’’. 


Figure 15 RTS and CTS Timing Chart (Example of 2 bytes transmission) 


Data Carrier Detect (DCD) 

DCD is the input signal corresponding to the “carrier 
detect” signal which shows carrier detect of modem. 

DCD signal is used to control the receiving operation. When 
DCD input goes “High”, ACIA stops all the receiving operation 
and sets receiving part in reset status. It means that receive 
shift register stops shifting, error detection circuit and syn- 
chronization circuit of receive clock are reset. When DCD is 
in “High” level, the receiving part of ACIA is kept in initial 


DCD input 
DCD flag 


TRO 
(R 


E= “4 ny 


Status Register Read 


Rx Data Register Read 


status and the operation in the receiving part is prohibited. 
When DCD goes “Low”, the receiving part is allowed to 
receive data. In this case, the following process is needed to 
reset DCD flag and restarts the receive operation. (Refer to 
Figure 16.) 

(1) Return DCD input from “High” to “Low”. 

(2) Read status register. (DCD flag = “1”’) 

(3) Read receive data register (Uncertain data will be read.) 


pr rere 


All the receiving operation are prohibited and ACIA is stopped 


in this period. 


Figure 16 DCD Flag Timing Chart 


®@ Note for Use 
Input Signal, which is not necessary for user’s application, 
should be used fixed to “High” or “Low” level. This is 


applicable to the following signal pins. 





Rx Data, Rx CLK, Tx CLK, CTS, DCD 


@ HITACHI 764 


HD6350,HD63A80,HD63B50 <i 


® PACKAGE DIMENSIONS (Unit: mm) 
@ DP-24 @ FP-24 


wat 
a 
= 
7s 
2 
w 
we 
Bt 
3 
= 
o 
Ss 
2 
bay 


0.915( Including End Flash) 
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SSDA (Synchronous Serial Data Adapter) 


The HD6852 Synchronous Serial Data Adapter provides a 
bi-directional serial interface for synchronous data information 
interchange. It contains interface logic for simultaneously 
transmitting and receiving standard synchronous communica- 
tions characters in bus organized systems such as the 
HMCS6800 Microprocessor systems. 

The bus interface of the HD6852 includes select, enable, 
read/write, interrupt, and bus interface logic to allow data 
transfer over an 8-bit bi-directional data bus. The parallel data 
of the bus system is serially transmitted and received by the 
synchronous data interface with synchronization, fill character 
insertion/deletion, and .error checking. The functional con- 
figuration of the SSDA is programmed via the data bus during 
system initialization. 

Programmable control registers provide control for variable 
word length, transmit control, receive control, synchronization 
control and interrupt control. Status, timing and control lines 
provide peripheral or modem control. 

Typical applications include data communications terminals, 
floppy disk controllers, cassette or cartridge tape controllers and 
numerical control systems. 


@ FEATURES 

@ Programmable Interrupts from Transmitter, Receiver, 
and Error Detection Logic 

@ Character Synchronization on One or Two Sync Codes 

External Synchronization Available for Paraliel-Serial 

Operation 

Programmable Sync Code Register 

Up to 600kbps Transmitter 

Peripheral/Modem Control Functions 

Three Bytes of FIFO Buffering on Both Transmit and 

Receive 

6, 7, or 8 Bit Data Transmission 

Optional Even and Odd Parity 

Parity, Overrun, and Underflow Status 


Compatible with MC6852 and MC68A52 


a BLOCK DIAGRAM 
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a PIN ARRANGEMENT 
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@ ABSOLUTE MAXIMUM RATINGS 





Supply Voltage 

Input Voltage 

Operating Temperature 
Storage Temperature 









Vec* 
Vin* 


* With respect to Veg (SYSTEM GND} 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


@ RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


~-0.3 ~ +7.0 
-0.3 ~ +7.0 





-20~+75 
-55 ~ +150 








Input Voltage 





Operating Temperatu re 


* With respect to Vgg (SYSTEM GND) 


# ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5V + 5%, Vgg = OV, Ta= -20~+75°C, unless otherwise noted.) 








Input “High’’ Voltage 





All Input 





Test Condition 

























































































Input “Low” Voltage All Input | Vie 
Do~D; Ven |e 24 | - V 
Output “High” Voltage =£4}~+#————--_____+ PWen, PWeLs 25us 
Tx Data Vv lon = -100 HA, | 
OTR, TUF =r PWen, PWeLS 25u5s | 
Output ‘‘Low”’ Voltage fl All Output VoL enmity 
ih ¥ | PWey, PWeL< 25us 
TxCLK, RxCLK, 
Input Leakage Current aoeaae lin | Vin = O~ 8.25V 6 oe 25 | pA 
Three-State Input Current Vin =0.4~ 2.4V, 
(Off State) ly Ist | Weg = 6.25V Tee |e Me Nee 
oa Current ind re Von = 2.4V = _ 10 ji 
Power Dissipation Pp slo _ 300 525 mW 
Do~ D> at = 12.5 
RxData, RxCLK, Vin = OV, 
Input Capacitance TxCLK, RES, é Ta=25°C, _ = ‘je pF 
CS, RS, RW, E, . f = 1 MHz ° 
DCD,cTS 
TxData, DTR, TUF, Vin = OV, Ta=25°C = _ 10 
Output Capacitance 7 eee Cout = 5.0 PF 


*Ta= 25°C, Veco = 5V 
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AC CHARACTERISTICS 


_.1, TIMING OF THE DATA TRANSFER 





2. 


Item 


Clock “Low” Pulse Width 


Clock ‘High’ Pulse Width 








Clock Frequency 





Receive Data Setup Time 





Receive Data Hold Time 





Sync Match Delay Time 


Clock-to-Data Delay for 


Transmitter 
Transmitter Underflow 
DTR Delay Time 





TRO Release Time 


RES Pulse Width 
CTS Setup Time 
DCD Setup Time 
Input Rise and Fall Times(Except E) 








* 1.04 or 10% of the pulse width, whichever is smaller, 


BUS TIMING 
1) READ 


Item 


Enable Cycle Time 


Enable “High’’ Pulse Width 


Enable “Low” Pulse Width 


Setup Time, Address and R/W valid 
to Enable positive transition 


Data Delay Time 


Data Hold Time 


Address Hold Time 
Rise and Fall Time for Enable input 


2) WRITE 


Item 


Enable Cycle Time 
Enable Pulse Width, “High” 


Enable Pulse Width, “Low” 
Setup Time, Address and R/W valid 


to Enable positive transition 


Data Setup Time j 





__Data Hold Lil) 


Rise and Fall Time for Enable input 


Symbol 


tan 
ter, tes 


Symbol 


toyck 


PWec 





ter, tes 





Symbol caren | min | —s 
Pie | Fi. 2 [7007] 

fe oo Ee eee 

tows | Fn a7) 360 | — [| 

tRDH Fig. 3 

tsm Fig. 3 

trpp Fig. 4,6 

tTuUF Fig. 4 

toTrR Fig. 5 

tiR Fig. 5 

TRES 

tects Fig. 6 

toco Fig. 7 

tty Josvtozov, - | - [ 1or] - | = 





Test HD6852 


Condition 














HD6852 


Test 
conte.) ame pear a 


Fig. 9 
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(Vec=5V+5%, Vgs=0V, Ta=-20~+75°C, unless otherwise noted.) 


HD68A52 


400 


Dine 
a 
300] =] 























Unit 
ns 
ns 

kHz 
ns 
ns 
Us 


Us 


Us 
Ls 
us 
Us 
ns 
ns 


Us 
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PWeL 


Tx CLK 


or 0.8V 
Rx CLK 


Figure 1 Clock Pulse Width (‘‘Low’”’ level) 


Rx CLK 


Rx Data 


n= Number of bits in character 


KY- Don’t care 
Sync Match 








Tx CLK 
or 
Rx CLK 


2.0V 


PWoH 


Figure 2 Clock Pulse Width (‘‘High” level) 





KOON XAXOXMANY 








0.4V 
= Rx CLK 
Period 








Figure 3 Receive Data Setup and Hold Times and Sync Match Delay Time 


Tx 
CLK 


Tx 
Data 


TUF 


n = Number of bits 
in character 





“High” 
Period 






Figure 4 Transmit Data Output Delay and 
Transmitter Underflow Delay Time 


CTS 


Tx CLK 


Tx Data 





Figure 6 CTS Setup Time 


Enable 


oO 
Pt 





iRQ 
* 1RQ Release Time applied to TxData FIFO write operation and 
RxData FIFO read operation, 


** }RQ Release Time applied to write ‘1’ operation to RxRS, TxRS, 
CTUF, Clear CTS bits. 


Figure 5 DTR and IRQ Release Time 
bcD 


Rx CLK 


Rx Data 





At least two Rx CLK pulse should be input after the last bit of the last data 
before the next falling edge of D occurs. 


Figure 7 DCD Setup Time 
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Enable 


RS, GS, R/W 


Data Bus 





Figure 8 Bus Read Timing Characteristics 
(Read information from SSDA) 


Load A 
(D, ~D,, DTR, Tx Data, TUF) 
5.0V 
Ri = 2.4K 
Test point 





C=130pF for 0,~D, 
=30pF for OTR, Tx: Data, and TUF 
All diodes are 1$2074 @ or Equivalent. 
’ R=11kQ for D,~D, 
=24k2. for OTR, Tx Data, and TUF 


® DEVICE OPERATION 

At the bus interface, the SSDA appears as two addressable 
_ memory locations. Internally, there are seven registers: two 
read-only and five write-only registers. The read-only registers 
are Status and Receive Data; the write-only registers are Control 
1, Control 2, Control 3, Sync Code and Transmit Data. The 
serial interface consists of serial input and output lines with 
independent clocks, and four peripheral/modem control lines. 

Data to be transmitted is transferred directly into the 3-byte 
Transmit Data First-In First-Out (FIFO) Register from the data 
bus. Availability of the input to the FIFO is indicated by a bit 
in the Status Register; once data is entered, it moves through 
the FIFO to the last empty location. Data at the output of the 
FIFO is automatically transferred from the FIFO to the 
Transmitter Shift Register as the shift register becomes available 
to transmit the next character. If data is not available from the 
FIFO (underflow condition), the Transmitter Shift Register is 
automatically loaded with either a sync code or an all “1”s 
character. The transmit section may be programmed to append 
even, odd, or no parity to the transmitted word. An external 
control line (CTS) is provided to inhibit the transmitter with- 
out clearing the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync mode used 
for parallel-serial operation, the receiver is synchronized by the 
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tas 
Enable 
RS, CS, R/W 
Data Bus 


Figure 9 Bus Write Timing Characteristics 
(Write information into SSDA) 


_Load B 
(IRQ Only) 


5.0V 


3k 
Test point 


Figure 10 Test Loads 


Data Carrier Detect (DCD) input and transfers successive bytes 
of data to the input of the Receiver FIFO. The single-sync- 
character mode requires that a match occur between the Sync 
Code Register and one incoming character before data transfer 
to the FIFO begins. The two-sync-character mode requires that 
two sync codes be received in sequence to establish synchro- 
nization. Subsequent to synchronization in any mode, data is 
accumulated in the shift register, and parity is optionally 
checked. An indication of parity error is carried through the 
Receiver FIFO with each character to the last empty location. 
Availability of a word at the FIFO output is indicated by a bit 
in the Status Register, as is a parity error. 

The SSDA and its internal registers are selected by the 
address bus, Read/Write (R/W) and Enable control lines. To 
configure the SSDA, Control Registers are selected and the 
appropriate bits set. The Status Register is addressable for 
reading status. ae 

Other I/O lines, in addition to Clear-to-Send (CTS) and Data 
Carrier Detect (DCD), include Sync Match/Data Terminal 
Ready (SM/DTR) and Transmitter Underflow (TUF). The 
transmitter and receiver each have individual clock inputs 
allowing simultaneous operation under separate clock control. 
Signals to the microprocessor are the Data bus and Interrupt 


Request (IRQ). 
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@ Initialization a 

During a power-on sequence, the SSDA is reset via the RES 
input and internally latched in a réset condition to prevent 
erroneous output transmissions. The Sync Code Register, 
Control Register 2, and Control Register 3 should be pro- 
grammed prior to the programmed release of the Transmitter 
and/or Receiver Reset bits; these bits in Control Register 1 
should be cleared after the RES line has gone “High”. 


@ Transmitter Operation 

Data is transferred to the transmitter section in parallel form 
by means of the data bus and Transmit Data FIFO. The 
Transmit Data FIFO is a 3-byte register whose status is 
indicated by the Transmitter Data Register Available status bit 
(TDRA) and its associated interrupt enable bit. Data is 
transferred through the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. The 
I-byte transfer mode provides for writing data to the trans- 
mitter section (and reading from the receiver section) one byte 
at a time. The 2-byte transfer mode provides for writing two 
data characters in succession. 

Data will automatically transfer from the last register 
location in the Transmit Data FIFO (when it contains data) to 
the Transmitter Shift Register during the last half of the last bit 
of the previous character. A character is transferred into the 
Shift Register by the Transmitter Clock. Data is transmitted 
LSB first, and odd or even parity can be optionally appended. 
The unused bit positions in short word length characters from 
the data bus are “‘don’t cares”. (Note: The data bus inputs may 
be reversed for applications requiring the MSB to be transferred 
taken, e.g., IBM format for floppy disks; however, care must be 
taken to properly program the control registers -- Table 1 will 
have its bit positions reversed.) 

When the Shift Register becomes empty, and data is not 
available for transfer from the Transmit Data FIFO, an 
“underflow” occurs, and a character is inserted into the 
transmitter data stream to maintain character synchronization. 
The character transmitted on underflow will be either a “Mark” 
(all “‘1"s) or the contents of the Sync Code Register, depending 
upon the state of the Transmit Sync Code on Underflow control 
bit. The underflow condition is indicated by a pulse (~ Tx CLK 
“High” period) on the Underflow putput (when in Tx Sync on 
underflow mode). The Underflow output occurs coincident 
with the transfer of the last half of the last bit preceding the 
underflow character. The Underflow status bit is set until 
cleared by means of the Clear Underflow control bit. This 
output may be used in floppy disk systems to synchronize write 
operations and for appending CRCC. 

Transmission is initiated by clearing the Transmitter Reset 
bit in Control Register 1. When the Transmitter Reset bit is 
cleared, the first full positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data or 
underflow characters beginning on the negative edge of the 
Transmit Clock pulse which started the cycle. If the Transmit 
Data FIFO was not loaded, an underflow character will 
be transmitted. eet 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitter by means of external system 
hardware: e.g., the modem CTS output provides the control in a 
data communications system. The CTS input resets and inhibits 
the transmitter section when “High”, but does not reset_the 
Transmit Data FIFO. The TDRA status bit is inhibited by CTS 
being “High” in either the one-syne character or two-sync- 
character mode of operation. 





In the external sync mode, TDRA is unaffected by CTS in 
order to provide Transmit Data FIFO status for preloading and 
operating the transmitter under the control of the CTS input. 
When the Transmitter Reset bit (Tx Rs) is set, the Transmit 
Data FIFO is cleared and the TDRA status bit is cleared. After 
one E clock has occurred, the Transmit Data FIFO becomes 
available for new data with TDRA inhibited. 


@ Receiver Operation 

Data and a presynchronized clock are provided to the SSDA 
receiver section by means of the Receive Data (Rx Data) and 
Receive Clock (Rx CLK) inputs. The data is a continuous 
stream of binary data bits without means for identifying charac- 
ter boundaries within the stream. It is, therefore, necessary to 
achieve character synchronization for the data at the beginning 
of the data block. Once synchronization is achieved, it is 
assumed to be retained for all successive characters within the 
block. 

Data communications systems utilize the detection of sync 
codes during the initial portion of. the preamble to establish 
character synchronization. This requires the detection of a 
single code or two successive sync codes. Floppy disk and 
cartridge tape units require sixteen bits of defined preamble and 
cassettes require eight bits of preamble to establish the reference 
for the start of record. All three are functionally equivalent to 
the detection of sync codes. Systems which do not utilize code 
detection techniques require custom logic external to the SSDA 
for character synchronization and use of the parallel-to-serial 
(external sync) mode. 

(Note: The Receiver Shift Register is set to ones when reset) 


@ Synchronization 

The SSDA provides three operating modes with respect to 
character synchronization: one-sync-character mode, two-sync- 
character mode, and external sync mode. The external sync 
mode requires synchronization and control of the receiving 
section through the Data Carrier Detect (DCD) input. This 
external synchronization could consist of direct line control 
from the transmitting end of the serial data link or from 
external logic designed to detect the start of the message block. 
The one-sync-character mode searches on a bit-by-bit basis until 
a match is achieved between the data in the Shift Register and 
the Sync Code Register. The match indicates character synchro- 
nization is complete and will be retained for the message block. 
In the two-sync-character mode, the receiver searches for the 
first sync code match on a bit-by-bit basis and then looks for a 
second successive sync code character prior to establishing 
character synchronization. If the second sync code character is 
not received, the bit-by-bit search for the first sync code is 
resumed. 

Sync codes received prior to the completion of synchro- 
nization (one or two character) are not transferred to the 
Receive Data FIFO. Redundant sync codes during the preamble 
or syne codes which occure as “fill characters” can automat- 
ically be stripped from the data, when the Strip Sync control bit 
is set, to minimize system loading. The character synchroniza- 
tion will be retained until cleared by means of the Clar Sync bit, 
which also inhibits synchronization search when set. 


@ Receiving Data 

Once synchronization has been achieved, subsequent char- 
acters are automatically transferred into the Receive Data FIFO 
and clocked through the FIFO to the last empty location by E 
pulses (MPU System $2). The Receiver Data Available status bit 
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(RDA) indicates when data is available to be read from the last 
FIFO location (#3) when in the 1-byte transfer mode. The 
2-byte transfer mode causes the RDA status bit to indicate data 
is available when the last two FIFO register locations are full. 
Data being available in the Receive Data FIFO causes an 
interrupt request if the Receiver Interrupt Enable (RIE) bit is 
set. The MPU will then read the SSDA Status Register, which 
will indicate that data is available for the MPU read from the 
Receiver Data FIFO register. The [RQ and RDA status bits are 
reset by a read from the FIFO. If more than one character has 
been received and is resident in the Receive Data FIFO, 
subsequent E clocks will cause the FIFO to update and the 
RDA and IRQ status bits will again be set. The read data 
operation for the 2-byte transfer mode requires an intervening E 
clock between reads to allow the FIFO data to shift. Optional 
parity is automatically checked as data is received, and the 
parity status condition is maintained with each character until 
the data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt request if the Error Interrupt Enable (EIE) 
has been set. The parity bit is not transferred to the data bus 
but must be checked in the Status Register. NOTE: [n the 
2-byte transfer mode, parity should be checked prior to reading 
the second byte, since a FIFO read clears the error bit. 

Other status bits which pertain to the receiver section are 
Receiver Overrun and Data Carrier Detect (DCD). The Overrun 
status bit is automatically set when a transfer of a character to 
the Receive Data FIFO occurs and the first register of the 
Receive Data FIFO is full. Overrun causes an interrupt if Error 
Interrupt Enable (EIE) has been set. The transfer of the 
overrunning character into the FIFO causes the previous 
character in the FIFO input register location to be lost. The 
Overrun status bit is cleared by reading the Status Register 
(when the overrun condition is present), followed by a Receive 
Data FIFO Register read. Overrun cannot occur and be cleared 
without providing an opportunity to detect its occurrence via 
the Status Register. 

A positive transition on the DCD input causes an interrupt if 
the EIE control bit has been set. The interrupt caused by DCD 
is cleared by reading the Status Register when the DCD status 
bit is “1”, followed by a Receive Data FIFO read. The DCD 
status bit will subsequently follow the state of the DCD input 
when it goes “Low”. 


® SSDA REGISTERS 

Seven registers in the SSDA can be accessed by means of the 
bus. The registers are defined as read-only or write-only 
according to the direction of information flow. The Register 
Select (RS) input selects two registers in each state, one being 
read-only and the other write-only. The Read/Write (R/W) input 
defined which of the two selected registers will actually be 
accessed. Four registers (two read-only and two write-only) can 
be addressed via the bus at any particular time. These registers 
and the required addressing are defined in Table 1. 


@ Control Register 1 (C1) 

Control Register 1 is an 8-bit wirte-only register that can be 
directly addressed from the data bus. Control Register 1 is 
addressed when RS = “Low” and R/W = “Low”. 


Receiver Reset (Rx Rs), C1 Bit 0 

The Receiver Reset control bit provides both a reset and 
inhibit function to the receiver section. When Rx Rs is set, it 
clears the receiver control logic, error logic, Rx Data FIFO 
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Control, Parity Error status bit, and DCD interrupt. The 
Receiver Shift Register is set ones. The Rx Rs bit must be 
cleared after the occurrence of a “Low” level on RES in order 
to enable the receiver section of the SSDA. 


Transmitter Reset (Tx Rs), C1 Bit 1 

The Transmitter Reset control bit provides both a reset and 
inhibit to the transmitter section. When Tx Rs is set, it clears 
the transmitter control section, Transmitter Shift Register, Tx 
Data FIFO Control (the Tx Data FIFO can be reloaded after 
one E clock pulse), the Transmitter Underflow status bit, and 
the CTS interrupt, and inhibits the TDRA status bit (in the 
one-sync-character and two-sync-character modes). The Tx Rs 
bit_must be cleared after the occurrence of a “Low” level on 
RES in order to enable the transmitter section of the SSDA. If 
the Tx FIFO is not preloaded, it must be loaded immediately 
after the Tx Rs release to prevent a transmitter underflow 
condition. 


Strip Synchronization Characters (Strip Sync), C1 Bit 2 

If the Strip Sync bit is set, the SSDA will automatically strip 
all received characters which match the contents of the Sync 
Code Register. The characters used for synchronization (one or 
two characters of sync) are always stripped from the received 
data stream. 


Clear Synchronization (Clear Sync), C1 Bit 3 

The Clear Sync control bit provides the capability of 
dropping receiver character synchronization and inhibiting 
resynchronization. The Clear Sync bit is set to clear and inhibit 
receiver synchronization in all modes and is reset to zero to 
enable resynchronization. 


Transmitter Interrupt Enable (TIE),C1 Bit4 

TIE enable both the Interrupt Request (IRQ) output and 
Interrupt Request status bit to indicate a transmitter service 
request. When TIE is set and the TDRA status bit is “1”, the 
IRO output will go “Low” (the active state) and the IRQ status 
bit will go “1”. 


Receiver Interrupt Enable (RIE), C1 Bit 5 

RIE enable both the Interrupt Request output (IRQ) and the 
Interrupt Request status bit to indicate a receiver service 
request. When RIE is set and the RDA status bit is “1”, the IRQ 
output will go “Low” (the active state) and the IRQ status bit 
will go “1”. 


Address Contro! 1 (AC1) and Address Control 2 (AC2), C1 
Bits 6 and 7 

AC1 and AC72 select one of the write-only registers — Control 
2, Control 3, Sync Code, or Tx Data FIFO — as shown in Table 
1, when RS = “High” and R/W = “Low”. 


© Control Register 2 (C2) 
Control Register 2 is an 8-bit write-only register which can be 
programmed from the bus when the Address Control bits in 
Control Register 1 (AC1 and AC2) are reset, RS = “High” and 
R/W= “Low”. 


Peripheral Control 1 (PC1) and Peripheral Control 2 (PC2), 
C2 Bits 0 and 1 

Two control bits, PC1 and PC2, determine the operating 
characteristics of the Sync Match/DTR output. PC1, when 
“High”, selects the Sync Match mode. PC2 provides the inhibit/ 
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enable control for the SM/DRT output in the Sync Match mode. 
A one-bit-wide pulse is generated at the output when PC2 is “0”, 
and a match occurs between the contents of the Sync Code 
Register and the incoming data even if sync is inhibited (Clear 
Sync bit = ‘1”). The Sync Match pulse is referenced to the 
negative edge of Rx CLK pulse causing the match. 

The Data Terminal Ready (DTR) mode is selected when PC1 
is “0”. When PC2 = “1” the SM/DTR output = “Low” and vice 
versa. The operation of PC2 and PC1 is summarized in Table 4. 


1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 

When 1{-Byte/2-Byte is set, the TDRA and RDA status bits 
will indicate the availability if their respective data FIFO 
registers for a single byte data transfer. Alternately, if 1-Byte/ 
2-Byte is reset, the TDRA and RDA status bits indicate when 
two bytes of data can be moved without a second status read. 
An intervening Enable pulse must occur between data transfers. 


Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 
Word length Select bits WS1, WS2, and WS3 select word 
length of 7, 8, or 9 bits including parity as shown in Table 3. 


Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 

When Tx Sync is set, the transmitter will automatically send 
a sync character when data is not available for transmission. If 
Tx Sync is reset, the transmitter will transmit a Mark character 
(including the parity bit position) on underflow. When the 
underflow is detected, a pulse approximately a Tx CLK “High” 
period wide will occur on the underflow output if the Tx Sync 
bit is “1”. Internal parity generation is inhibited during 
underflow except for sync code fill character transmission in 8 
bit plus parity word lengths. 


Error Interrupt Enable (EIE), C2 Bit 7 
When EIE is set, the IRQ status bit will go “1” and the TRQ 

output will go “Low” if: 

1) A receiver overrun occurs. The interrupt is cleared by reading 
the Status Register and reading the Rx Data FIFO. 

2) BCD input has gone to a “High”. The interrupt is cleared by 
reading the Status Register and reading the Rx Data FIFO. 

3) A parity error exists for the character in the last location 
(#3) of the Rx Data FIFO. The interrupt is cleared by 
reading the Rx Data FIFO. The interrupt is cleared by 
reading the Rx Data FIFO. 

4) The input has gone to a “High”. The interrupt is cleared 
by writing a “1” in the Clear CTS bit, C3 bit 2, or by a Tx 
Reset. 

5) The transmitter has underflowed (in the Tx Sync on 
Underflow mode). The interrupt is cleared by writing a “1” 
into the Clear Underflow, C3 bit 3,or Tx Reset. 

When EIE is a “0”, the IRQ status bit and the IRQ output 
are disabled for the above error conditions. A “Low” level on 

the RES input resets EIE to “0”. 


@ Control Register 3 (C3) 

Control Register 3 is a 4-bit write-only register which can be 
programmed from the bus when RS = “High” and R/W = 
“Low” and Address Control bit AC] = “1” and AC2 = “0”. 


External/Internal Sync Mode Control (E/! Sync), C3 Bit 0 

When the E/I Sync Mode bit is “1”, the SSDA is in the 
external sync mode and the receiver synchronization logic is 
disabled. Synchronization can be achieved by means of the DCD 
input or by starting Rx CLK at the midpoint of data bit “0” of 





a character with DCD “Low”. Both the transmitter and receiver 
sections operate as parallel — serial converters in the External 
Sync mode. The Clear Sync bit in Control Register 1 acts as a 
receiver sync inhibit when “High” to provide a bus controllable 
inhibit. The Sync Code Register can serve as a transmitter fill 
character register and a receiver match register in this mode. A 
“Low” on the RES input resets the E/I Sync Mode bit placing 
the SSDA In the internal sync mode. 


One-Sync-Character/Two-Sync-Character Mode, Control (1 
Sync/2 Sync), C3 Bit 1 ; 

When the 1 Sync/2 Sync bit is set, the SSDA will 
synchronize on a single match between the received data and 
the contents of the Sync Code Register. When the 1 Sync/2 
Syné bit is reset, two successive sync characters must be 
received prior to receiver synchronization. If the second sync 
character is not detected, the bit by bit search resumes from the 
first bit in the second character. See the description of the Sync 
Code Register for more details. 


Clear CTS Status (Clear CTS), C3 Bit 2 

When a “1” is written into the Clear CTS bit, the stored 
status and interrupt are cleared. Subsequently, the CTS status 
bit reflects the state of the CTS input. The Clear CTS control 
bit does not affect the CTS. input nor its inhibit of the 
transmitter secton. The Clear CTS command bit is self-clearing, 
and writing a “O” into this bit is a nonfunctional operation. 


Clear Transmit Underflow Status (CTUF), C3 Bit 3 

When a “1” is written into the CTUF status bit, the CTUF 
bit and its associated interrupt are reset. The CTUF command 
bit is self-clearing and writing a “0” into this bit is a 
nonfunctional operation. 


@ Sync Code Register 

The Sync Code Register is an 8-bit register for storing the 
programmable sync code required for received data character 
synchronization in the one-sync-character and two-sync- 
character modes. The Sync Code Register also provides for 
stripping the sync/fill characters from the received data (a 
programmable option) as well as automatic insertion of fill 
characters in the transmitted data stream. The Sync Code 
Register is not utilized for teceiver character synchronization in 
the external sync mode; however, it provides storage of receiver 
match and transmit fill characters. 

The Sync Code Register can be loaded when AC2 and ACI 
are a “1” and “O” respectively, and R/W = “Low” and RS = 
“High”. 

The Sync Code Register may be changed after the detection 
of a match with the received data (the first sync code having 
been detected) to synchronize with a double-word sync pattern. 
(This sync code change must occur prior to the completion of 
the second character.) The sync match (SM) output can be used 
to interrupt the MPU system to indicate that the first eight bits 
have matched. The service routine would then change the sync 
match register to the second half of the pattern. Alternately, the 
one-sync-character mode can be used for sync codes for 16 or 
more bits by using software to check the second and subsequent 
bytes after reading them from the FIFO. 

The detection of the sync code can be programmed to appear 
on the Sync Match/DTR output by writing a “1” in PC] (C2 bit 
0) and a “O” in PC2 (C2 bit 1). The Sync Match output will go 
“High” for one bit time beginning at the character interface 
between the sync code and the next character. 
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@ Parity for Sync Character 
Transmitter 

Transmitter does not generate parity for the sync character 
except 9-bit mode, 

9-bit (8-bit + parity) — 8-bit sync character + parity 

8-bit (7-bit + parity) — 8-bit sync character (no parity) 

7-bit (6-bit + parity) — 7-bit sync character (no parity) 
Receiver 

At Synchronization 

Receiver automatically strips the sync character(s) (two sync 
characters if ‘2 sync’ mode is selected) which is used to establish 
synchronization. And parity is not checked for these sync 
characters. 

After Synchronization is Established 

When ‘strip sync’ bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for the 
stripped sync (fill) characters. When ‘strip sync’ bit is not 
selected (0), the sync character is assumed to be normal data 
and it is transferred into FIFO after parity checking. (When 
non-parity format is selected, parity is not checked.) 


Data Format 
(C2 Bit 3-5) 


With Parity 


* Subsequent to synchronization 
X sence don’t care 












Strip Sync 
(C1 Bit 2) 







Operation 


No transfer of sync 
code. 

No parity check of 
sync code. 


*Transfer data and 
sync codes. 
Parity check. 


“Transfer data and 
sync codes. 
No parity check. 







It is necessary to pay attention to the selected sync character 

in the following cases. 

1) Data format is (6 + parity), (7 + parity), 

2) Strip sync is not selected (“0”). 

3) After synchronization when sync code is used as a fill 
character. 

Transmitter sends sync character without parity, but receiver 
checks the parity as if it is normal data. Therefore, the sync 
character should be chosen to match the parity check selected 
for the receiver in this special case. 


@ Receive Data First-In First-Out Register 

(Rx Data FIFO) 

The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received data. Each 
8-bit register has an internal status bit which monitors its full or 
empty condition. Data is always transferred from a full register 
to an adjacent empty register. The transfer from register to 
register occurs on E pulses. The RDA status bit will be “1” 
when data is available in the last location of the Rx Data FIFO. 

In an Overrun condition, the overrunning character will be 
transferred into the full first stage of the FIFO register and will 
cause the loss of that data character. Successive overruns 
continue to overwite the first register of the FIFO. This 
destruction of data is indicated by means of the Overrun status 
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bit. The Overrun bit will be set when the overrun occurs and 
remains set until the Status Register is read, followed by a read 
of the Rx Data FIFO. 

Unused data bits for short word lengths (including the parity 
bit) will appear as “O”s on the data bus when the Rx Data FIFO 
is read. 


@ Transmit Data First-In First-Out Register 

(Tx Data FIFO) 

The Transmit Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of data to be 
transmitted. Each 8-bit register has an internal status bit which 
monitors its full or empty condition. Data is always transferred 
from a full register to an adjacent empty register. The transfer is 
clocked by E pulses. 

The TDRA status bit will be “High” if the Tx Data FIFO is 
available for data. 

Unused data bits for short word lengths will be handled as 
“don’t cares”. The parity bit is not transferred over the data 
bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Underflow character will be 
either the contents of the Sync Code Register or an all “1s 
character. The underflow will be stored in the Status Register 
until cleared and will appear on the Underflow output as a pulse 
approximately a Tx CLK “High” period wide. 


@ Status Register 

The Status Register is an 8-bit read-only register which 
provides the real-time status of the SSDA and the associated 
seria] data channel. Reading the Status Register is a non-destruc- 
tive process. The method of clearing status bits depends upon 
the function each bit represents and is discussed for each bit in 
the register. 
Receiver Data Available (RDA), S Bit 0 

The Receiver Data Available status bit indicates when 
receiver data can be read from the Rx Data FIFO. The receiver 
data being present in the last register (#3) of the FIFO causes 
RDA to be “1” for the 1-byte transfer mode. The RDA bit 
being “1” indicates that the last two registers (#2 and #3) are 
full when in the 2-byte transfer mode. The second character can 
be read without a second status rad (to determine that the 
character is available). And E pulse must occur between reads of 
the Rx Data FIFO to allow the FIFO to shift. Status must be 
read on a word-by-word basis if receiver data error checking is 
important. The RDA status bit is reset automatically when data 
is not available. 


Transmitter Data Register Available (TDRA), S Bit 1 

The TDRA status bit indicates that data can be loaded into 
the Tx Data FIFO Register. The first register (#1) of the Tx 
Data FIFO being empty will be indicated by a “1” in the TDRA 
status bit in the 1-byte transfer mode. The first two registers 
(#1 and #2) must be empty for TDRA to be “1” when in the 
2-byte transfer mode. The Tx Data FIFO can be loaded with 
two bytes without an intervening status read; however, one E 
pulse must occur between loads. TDRA is inhibited by the Tx 
Reset or RES. When Tx Reset is set, the Tx Data FIFO is 
cleared and then released on the next E clock pulse. The Tx 
Data FIFO can then be loaded with up to three characters of 
data, even though TDRA is inhibited. This feature allows 
preloading data prior to the release of Tx Reset. A “High” level 
on the CTS input inhibits the TDRA status bit in either sync 
mode of operation (one-sync-character or two-sync-character). 
CTS does not affect TDRA in the external sync mode. This 
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enables the SSDA to operate under the control of the CTS input 
with TDRA indicating the status of the Tx Data FIFO. The CTS 
input does not clear the Tx Data FIFO in any operating mode. 


Data Carrier Detect (DCD), S Bit 2 

A positive transition on the DCD input is stored in the SSDA 
until cleared by reading both Status and Rx Data FIFO. A “1” 
written into Rx Rs also clears the stored DCD status. The DCD 
status bit, when set, indicates that the DCD input has gone 
“High”, The reading of both Status and Receive Data FIFO 
allows Bit 2 of subsequent Status reads to indicate the state of 
the DCD input until the next positive transition. 


Clear-to-Send (CTS), S Bit 3 

A positive transiton on the CTS input is stored in the SSDA 
until cleared by writing a “1” into the Clear CTS control bit or 
the Tx Rs bit. The CTS status bit, when set, indicates that the 
CTS input has gone “High”. The Clear CTS command (a “1” 
into C3 Bit 2) allows Bit 3 of subsequent Status reads to 
indicate the state of the CTS input until the next positive 
transition. 


Transmitter Underflow (TUF), S Bit 4 

When data is not available for the transmitter, an underflow 
occurs and is so indicated in the Status Register (in the Tx Sync 
on underflow mode). The underflow status bit is cleared by 
writing a “1” into the Clear Underflow (CTUF) control bit or 


the Tx Rs bit. TUF indicates that a sync character will be 
transmitted as the next character. A TUF is indicated on the 
output only when the contents of the Sync Code Register is to 
be transferred (transmit sync code on underflow = “1”’). 


Receiver Overrun (Rx Ovrn), S Bit 5 

Overrun indicates data has been received when the Rx Data 
FIFO is full, resulting in data loss. The Rx Ovrn status bit is set 
when Overrun occurs. The Rx Ovrn status bit is cleared by 
reading Status followed by reading the Rx Data FIFO or by 
setting the Rx Rs control bit. 


Receiver Parity Error (PE), S Bit 6 

The parity error status bit indicates that parity for the 
character in the last register of the Rx Data FIFO did not agree 
with selected parity. The parity error is cleared when the 
character to which it pertains is read from the Rx Data FIFO or 
when Rx Rs occurs. The DCD input does not clear the Parity 
Error or Rx Data FIFO status bits. 


Interrupt Request (IRQ), S Bit 7 

The Interrupt Request status bit indicates when the IRQ 
output is in the active state (IRQ output = “Low’”). The IRQ 
status bit is subject to the same interrupt enables (RIE, TIE, and 
EIE) as the [RQ output. The IRQ status but simplifies status 
inquiries for polling systems by providing single bit indication of 
service requests. 


Table 1 SSDA Programming Model 















































































Control* Address : 
Aesines Inputs Control Register Content 
RS | R/W|AC2 | ACI Bit 7 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Status (S) 10) 1 Xx x Interrupt Receiver | Receiver | Transmitter| Clear-to- Data Carrier Transmitter Receiver 
Request Parity Underflow Send Detect Data Data 
(IRQ) Error (TUF) (CTS) (DCD) Register Available 
(PE) Available (RDA) 
(TDRA) 
Control 1 0 "0 x x Address Address | Receiver | Transmitter Strip Sync Transmitter Receiver 
(C1) Control 2 Control 1| Interrupt} tnterrupt Characters Reset Reset 
(AC2) (AC1) Enabte Enable (Strip Sync) (Tx Rs) (Rx Rs) 
(RIE) (TIE) 
eae 
Receive 1 1 x x D, D, D, D, 
Data FIFO 
Control 2 1 0 0 0 Error Transmit Word 1-Byte/2-Byte Peripheral Peripheral 
(C2) Interrupt {Sync Code Length Length Transfer Control 2 Control 1 
Enable . on Select 2 Select 1 | (1-Byte/2-Byte) (PC2) (PC1) 
(EIE) Underflow (WS1) 
(Tx Sync) 
Controt 3 1 0 0 1 Not Used Not Used | Not Used| Not Used Clear One-Sync- External/ 
(C2) ; Transmitter Character/ Internal 
Underflow (Clear CTS) Two-Sync Sync Mode 
Status Character Control 
Mode Control | (E/! Sync) 
ve 
SyncCode| 1 | o | 1 | 0 ane = a a a= ce =e ee 
Transmit 
“ 0;“Low” level, 1; ‘’High’’ level 


** “EE should not be used as Sync Code. 
*** When the SSDA is used in applications requiring the MSB of data to be receive and transmitted first, the data bus inputs to the SSDA 
may be reversed (D, to D,, etc.). Caution must be used when this is done since the bit positions in this table will be reversed, and the 


parity should not be selected. 
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7 IRQ 
“6 (fe 
“5 | RxOwn 
| ee Serge ee ran a eee ey 
TUF 
= tis | 
Status or 
Register 2 DCO 
(S) Jeet SS 
1 TDRA 
0 RDA 
7 AC2 
6 
5 
Contro} “4 
Register 1 37 
(C1) | decteeed | 
6 
Control | 5 | WS3 
Register 2 4 WS2 
(C2) 3 WS1 
2 1-Byte/2-Byte 





PC2 
PC2 


CTUF 


wlio 








Table 2 Functions of SSDA Register 


Function 
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The !RQ fiaq is cleared when the source of the !RQ is cleared. The source is determined by 
the enables in the Control! Registers: TIE, RIE, EVE. 


Conditions 
for Set 








Control 2 
Register 3 
(C3) 1 1-Sync/2-Sync 










When parity error is detected in 
receive data. 


When under flow is occurred in 
the transmitter. 


Conditions 
for Reset 


1 Byte Transfer Mode; when 
the transmit data FIFO (#1) 
is empty. 


2 Byte Transfer Mode; when the 
transmit data FIFO (#1, #2) is 


1 Byte Transfer Mode; when the 
data is received in the receive 
data FIFO (#8). 


2 Byte Transfer Mode; when the 
data is received in the receive 
data FIFO (#2, #3). 





Used to access other registers, as shown Table 1. 


When “1”, allows syne code contents to be transferred on underflow, and enables the TUF 
Status bit and output. When ‘0’, an all mark character is transmitted on underflow. 





Read Rx Data FIFO, or a ‘’1” into 
Rx Rs (C1 Bit 0). 


Read Status and then Rx Data FIFO, | 
ora 1" into Rx Rs (C1 Bit 0). 


A‘'1” into CTUF (C3 Bit 3) or into 
Tx Rs (C1 Bit 1). 


A ““1"" into Clear CTS (C3 Bit 2) or 
a‘‘1" into Tx Rs (C1 Bit 1) 


Read Status and then Rx Data FIFO 
ora “1” into Rx Rs (C1 Bit 0) 


Read Rx Data FIFO. 













When “1”, enables the TDRA and RDA bits to indicate when a 1-byte transfer can occur; when 
“0”, the TDRA and RDA bits indicate when a 2-byte transfer can occur. 







When ’’1", selects the ncane haa made; when “0”, selects the two-sync-character mode. 





°o 


E/t Syne 

















Table 3 Word Length 


Word Length 





6 Bits + Even Parity 
6 Bits + Odd Parity 
7 Bits 

8 Bits 

7 Bits + Even Parity 
7 Bits + Odd Parity 
8 Bits + Even Parity 
8 Bits + Odd Parity 


-Oo-~-0-0-0 
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When “1”, selects the external sync mode; when ‘‘0”, selects the internal sync mode. 
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Table 4 SM/DTR Output Control 


SM/DTR Output at Pin 5 
“High” Level * 


Pulse _[ 1.1-Bit Wide, on SM 
“‘Low"’ Level” 
SM Inhibited, “Low’’* 





* OUTPUT level is fixed by the data written into PC2, PC1. 
** When “10” or 11”, output is fixed at “Low”. 


RDA-PE 

Rx Ovrn 

CTs 

DCD 

TUF ElE 
TDRA 


RDA 


@ INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the HD6800 MPU with an 8-bit 
bi-directional data bus, a chip select line, a register select line, an 
interrupt request line, read/write line, an enable line, and a reset 
line. These signals, in conjunction with the HD6800 VMA 
output, permit the MPU to have complete control over the 
SSDA. 


@ Bi-Directional Data Bus (Dp ~D, ) 

The bi-directional data bus (Dp~D;) allow for data transfer 
between the SSDA and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance (off) 
state except when the MPU performs an SSDA read operation. 


@ Enable (E) 

The Enable signal, E, is a high impedance TTL compatible 
input that enables the bus input/output data buffers, clocks 
data to and from the SSDA, and moves data through the FIFO 
Registers. This signal is normally the continuous HMCS6800 
System $2 clock, so that incoming data characters are shifted 
through the FIFO. 


@ Read/Write (R/W) 

The Read/Write line is a high impedance input that is TTL 
compatible and is used to control the direction of data flow 
through the SSDA’s input/output data bus interface. When 
Read/Write is “High” (MPU read cycle), SSDA output drivers 
are turned on if the chip is selected and a selected register is 
read. When it is “Low”, the SSDA output drivers are turned off 
and the MPU writes into a selected register. The Read/Write 
signal is also used to select read-only or write-only registeres 
within the SSDA. 


© Chip Select (CS) 

This high impedance TTL compatible input line is used to 
address the SSDA. The SSDA is selected when CS is “Low”. 
VMA should be used in generating the CS input to insure that 
false selects will not occur. Transfers of data to and from the 
SSDA are then performed under the control of the Enable 
signal, Read/Write, and Register Select. 


@ Register Select (RS) 

The Register Select line is a high impedance input that is 
TTL compatible. A “High” level is used to select Control 
Registers C2 and C3, the Sync Code Register, and the 
Transmit/Receive Data Registers. A “Low” level selects the 
Control 1 and Status Registers (see Table 1). 


@ Interrupt Request (TRQ) 

TRQ is a TTL compatible, open-drain (no internal pullup), 
active “Low” output that is used to interrupt the MPU. The 
TRQ remains “Low” until cleared by the MPU. 


© Reset (RES) 

The RES input provides a means of resetting the SSDA from 
an external source. In the “Low” state, the RES input causes 
the following: 

1) Receiver Reset (Rx Rs) and Transmitter Reset (Tx Rs) bits 
are set causing both the receiver and transmitter sections to 
be held in a reset condition. 

2) Peripheral Control bits PC1 and PC2 are reset to zero, 
causing the SM/DTR output to be “High”. 

3) The Erfor Interrupt Enable (EIE) bit is reset. 

4) An internal synchronization mode is selected. 

5) The Transmitter Data Register Available (TDRA) status bit is 
cleared and inhibited. 

When RES returns “High” (the inactive state), the transmit- 
ter and receiver sections will remain in the reset state until the 
Receiver Reset and Transmitter Reset bits are cleared via the 
bus under software control. The control Register bits affected 
by RES (Rx Rs, Tx Rs, PC1, PC2, EIE, and E/I Sync) cannot be 
changed when RES is “Low”. 


= CLOCK INPUTS 
Separate high impedance TTL compatible inputs are pro- 
vided for clocking of transmitted and received data. 


@ Transmit Clock (Tx CLK) 

The Transmit Clock input is used for the clocking of 
transmitted data. The transmitter shifts data on the negative 
transition of the clock. 


@ Receive Clock (Rx CLK) 

The Receive Clock input is used for clocking in received data. 
The clock and data must be synchronized externally. The 
receiver samples the data on the positive transition of the clock. 


@ SERIAL INPUT/OUTPUT LINES 
@ Receive Data (Rx Data) 

The Receive Data line is a high impedance TTL compatible 
input through which data is received in a serial format. Data 
rates are from 0 to 600 kbps. 


@ Transmit Data (Tx Data) 
The Transmit Data output line transfers serial data to a 
modem or other peripheral. Data rates are from 0 to 600 kbps. 


@ PERIPHERAL/MODEM CONTROL 

The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
CTS, SM/DTR, DCD, and TUF. 


© Clear-to-Send (CTS) 
The CTS input provides a real-time inhibit to the transmitter 
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section (the Tx Data FIFO is not disturbed). A positive CTS 
transition resets the Tx Shift Register and inhibits the TDRA 
status bit and its associated interrupt in both the one-sync- 
character and two-sync-character modes of operation. TDRA is 
not affected by the CTS input in the external sync mode. 

The positive transition of CTS is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored CTS information and its associated IRQ (if enabled) 
are cleared by writing a “1” in the Clear CTS bit. The CTS 
status bit subsequently follows the CTS input when it goes 
“Low”. 

The CTS input provides character timing for transmitter data 
when in the external sync mode. Transmission is initiated on the 
negative transition of the first full positive clock pulse of the 
transmitter clock (Tx CLK) after the release of CTS (see Figure 
6). 


© Data Carrier Detect (DCD) 

The DCD input provides a real-time inhibit to the receiver 
section (the Rx FIFO is not disturbed). A positive DCD 
transition resets and inhibits the receiver section except for the 
Receive FIFO and the RDRA status bit and its associated IRQ. 

The positive transition of DCD is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored BCD information and its associated IRQ (if enabled) 
are cleared by reading the Status Register and then the Receiver 
FIFO, or by writing a “1” into the Receiver Reset bit. The DCD 
status bit subsequently follows the DCD input when it goes 
“Low”. The input provides character synchronization 
timing for the receiver during the external sync mode of 
operation. The receiver will be initialized and data will be 
sampled on the positive transition of the first full Receive Clock 





TxRs=1, RxRs=1 











initialize Control 
Register C1, C2, C3 


Preset 3 Bytes 
Data to TxFIFO 
Program parameters 
to Control Register C2 


and let DTR output. 


RxRs 
TxData 





RxData 
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cycle after release of DCD (see Figure 7). 


@ Sync Mach/Data Terminal Ready (SM/DTR) 

The SM/DTR output provides four functions (see Table 4) 
depending on the state of the PC! and PC2 control bits. When 
the Sync Match mode is selected (PCI = “1”, PC2 = “0”), the 
output provides a one-bit-wide pulse when a sync code is 
detected. This pulse occurs for each sync code match even if the 
receiver has already attained synchronization. The SM output is 
inhibited when PC2 = “1”. The DIR mode (PC1 = “0”) 
provides an output level corresponding to the complement of 
PC2 (DTR = “0” when PC2 = “1”.) (see Table 4.) 


© Transmitter Underflow (TUF) 

The Underflow output indicates the occurrence of a transfer 
of a “fill character” to the Transmitter Shift Register when the 
last location (#3) in the Transmit Data FIFO is empty. The 
Underflow output pulse is approximately a Tx CLK “High” 
period wide and occurs during the last half of the last bit of the 
character preceding the “Underflow” (see Figure 4). The 
Underflow output pulse does not occur when the Tx Sync bit is 
in the reset state. 


® NOTE FOR USAGE = 

If the hold time of CS signal and R/W signal is within 50~ 
230 ns, there is a case that Transmit Data FIFO is not cleared 
and TDRA flag is not set when software reset using TxRS 
(TxRS=1) is executed. Usual program for data transmission will 
start to send the data as shown in Fig. 1] and Fig. 12. 

In this case, the data of the first three bytes are not preset 
and unexpected data which is remaining in Transmit Data FIFO 
are sent in the first two bytes. 


RES = Le 
OTR ZZ a 
Te. “ae ee ee eee 


TORA SSSSSA | uU Lu LJ L_—J LJ Lf 










Data + TxFIFO 





Oata #1 Data #2 Data #3 Data #4 
Start to transmit and 
Receive 


{TxRs=0, RxRs=0) Wh -n address hold time is 


wiisin 50~230 ns, sometimes 
TORA flag is not set. 





Figure 11 Normal Flow of Starting Figure 12 Transmission Start Sequence 


the Transmission and Reception 


© DCD Input in External Synchronization Mode 

In case of receiving data in External Synchronization Mode, 
Receive data is put off by one bit at times, when DCD is drived 
like.f Lin RxCLK cycle in which RDA flag is set. 
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In case of SSDA, Address Hold Time should be from 20 to 
50 ns or over 230 ns. 
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D, starts at RxCLK rise after DCD t_ 
(Usual Case) $ 


RxCLik 


ie 


RxData D, D, D, D, D, 


RDA flag 


Read ti f Receive 
Bits F IFO afar eau” Read operation of Receive Data FIFO after 
operation of Status Register read operation of Status Register 

DCD input (Data $FO) 


Read data is put off by one bit 
(Unusual Case) 4 $ 


RxCLK 
RxData 0, D, D, Dy D, OD, D, D, D, D, D, 


RDA flag 


Read operation of Receive Data FIFO after ae ‘ 
: : Read operation of Receive Data FIFO after read 
read operation of Status Register operation of Status Register (Data $78) 


| 





Figure 13 Exceptional External Sync Operation 


To avoid this case, use SSDA in the following method. 


(1) DCD “Land RxCLK “L_ should meet the relation shown 
in Fig. 14. 


t,t, t, 2 500 nsec 
t, >0 


Figure 14 DCD Input Timing in External Sync Mode 


(2) RxData should be input regarding the second RxCLK rise 
as Dy bit, after DCD t_. 
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HD46508, HD46508-1, 


HD46508A, HD46508A-1 
ADU (Analog Data Acquisition Unit) 


The HD46508 is a monolithic NMOS device with a 10-bit 
analog-to-digital converter, a programmable voltage comparator, 
a 16-channel analog multiplexer and HMCS6800 microprocessor 
family compatible interface. 

Each of 16 analog inputs is either converted to a digital data 
by the analog-to-digital converter or compared with the speci- 
fied value by the programmable comparator. The analog-to- 
digital converter uses successive approximation method as the 
conversion technique. It’s intrinsic resolution is 10 bits but it 
can be 8 bits if the programmer so desires, The programmable 
voltage comparator compares the input voltage with the value 
specified by the programmer. The result (greater than, or 
smaller than) is reflected to the flag in the status register. 

The device can expand its capability by controlling the 
external circuits such as sample holder, pre-amplifier and 
external multiplexer. 

With these features, this device is ideally suited to applica- 
tions such as process control, machine control and vehicle 
control. 


HD46508P, HD46508P-1, HD46508PA, HD46508PA-1 






® FEATURES 

® 16-channel Analog multiplexer 

® Programmable A/D Converter resolution (10-bit or 8-bit) ; 

® Programmable Voltage comparison (PC) 5 a 

© Conversion Time 100s (A/D), 13s(PC) a HD46508 FB a, 

@ External Sample and Hold Circuit Control erk (2 J Al, 

®@ Auto Range-switching Control of External Amplifier Ee g pi 

@ Waiting Function for the Settling Time of External RS, “wes 
Amplifier cs, fie Al, 

@ interrupt Control (Only for A/D conversion) és, 4) REF (+) 

© Single +5V Power Supply RAW m COMMON 

© Compatible with HMCS6800 Bus (The connection with ae “aes 


other Asynchronous Buses possible) ; 
(Top View) 


™ BLOCK DIAGRAM 
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Comparator ® ORDERING INFORMATION 
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16- ” 


channel 
anaiog 








10-bit D/A 
Converter | Zz 


I 





' 
1 
' 
1 
nal t 
tapute ' Multi- 
1 plexer 
' 
: E 
CS, 
‘ 'o 
Alis cs, 
RS, 
RS, 
€ 4 R/W 
xterna' 
Control TRO 
Signal 
(GAINSEL) 
5V Anaiog GND (NOTE] PC Data: Data for programmable 
(REF(+)) (REF{-)) voltage comparison 
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= 
o 

D,~D, 

TRO 

CLK 
x 
— 
> 
Q 
Zz 








cs, 
Cs, 
R/W CONTROL 
C. START RS, 
SYNCHRONOUS 
#2 ® CIRCUIT 
CONT-F<— CD RS, 
ROL (Reg. 0) 
R/W 
BASIC 
RES 


TIMING 
GENERATOR 






SUCCESSIVE 
APPROXIMATION 


REGISTER 










Al, 









Al 
® pc. 6s,60,614" ® 
ST (Reg. 0, 1) 


(Reg. 0) 


EXPAND 
CONTROL 








ANALOG 


MODE SELECT 
MPX 


& GAINSEL 





CONTROL 





(1024 LADDER 
RESISTANCE & 
DECODER) 


COMPARATOR Alis 


00~D3 (Reg. 1) 
MI 






GAINSEL REF(+) REF (~) COMPIN COMMON 
"206" : Fixed Data for Auto Range-Switching x 4 


410" : Fixed Data for Auto Range-Switching x 2 


Figure 1 Internal Block Diagram 
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® ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
Analog Input Voltage 
Operating Temperature Tae 


* With respect to Vgg (SYSTEM GND) 


HD46508,HD46508-1,HD46508A,HD46508A- 1 


[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 


If these conditions are exceeded, it could affect reliability of LSI, 


@ RECOMMENDED OPERATING CONDITIONS 


item |__ symbol | min | typ mex 

Supply Voltage eee ae ee ee 
Input “High” Voltage aes eae ae 
Input “‘Low” Voltage en a ae a ae eS ee 
Analog Input Voltage Vain” a ee ee 
Vacew” [| = | Vee | Vee 0.25_| 

Vreri-)” | nO ee ae 


Operating Temperature ie em 


“With respect to Vgg (SYSTEM GND) 
@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS <1> (Voc = 5V + 5%, Vgg = OV, Ta = -20~+75°C, unless otherwise noted.) 


em [“Symbot | Ten Condition [mn [op | war] 

Input “High” Voltage 7 es 2 
eae a nN ETF (UEC 
Mion==206A [2a] - | 

Output “High” Voltage Vor [lon =-20A | 24 | - | - | 
| lon ==10HA | Vec-1.0 |  - | 

S  geetona. i ee oa 

Ec a UT CTT RS A 


Reference Voltage 





Output “Low” Voltage 


E, CLK, RW 


Input Leakage Current RES, RSo, RS; 
CSp, CS, 


Three-State (off state) 
~ | = x ~ » 
Output Leakage 
Power Dissipation =| | PT TK 800 
ae ee 


E, CLK, RW Vin = OV, Ta = 28°C 
RES, RSo, RS, Cin 
a Vin = OV, Ta= 25°C 
Out IRQ, GAINSE . : 


Vin = 0~ 5.25V 











Input Capacitance 





CSo, Cs; 
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Unit 
Vv 
Vv 


Vv 


uA 


BA 


BA 


mw 
pF 
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@ DC CHARACTERISTICS <2> (Vee = 5V + 5%, Vgg = OV, Ta* -20~+75°C, unless otherwise noted.) 


|__ Test Condition | min | tye | max 


Vain = 5.0V, 
Voc = 4.75V, Ta= 25°C 


Vain = 5.0V 
Voc = 4.75V, Ta= 25°C 
COMMON = OV 
Vain = OV, Ta= 25°C 
Voc = 4.75V, COMMON = 5V 











Analog Multiplexer ON Resistance 


















OFF Channel Leakage Current 









Analog Multiplexer Input Capacitance 






Vrer (+) = 5.0V 
Vrer (-) = OV, Ta= 25°C 


~ Ladder Resistance 


(from REF (+) to REF(-)) ee 





@ CONVERTER SECTION (Ta = 28°C, Vcc = Vperis) = 5.0V, toycc = 1s, unless otherwise noted.) 
1. 10-BIT A/D CONVERSION 


HD46508A, HD46508A-1 HD46508, HD46508-1 





















Noninearity ror "|---| a) st] dT | 
Zero-Erro = [ta 






I+ 
_ 
~ 
aN 
I+ 
= 
~ 
Ls) 
+] 
pany 
~ 
nN 

H 
= 

t 


Full-Scatl Error 
Quantization Error 
Absolute Accuracy 





2. 8-BIT A/D CONVERSION 


HD46508A, HD46508A-1 HD. gan 
n 


46508, HD46508-1 
typ max 
Resolution a a ea a ee: (ee ee ie 
Nonlinearity Ever *| - | a | sa | - | 2¥4@_| sua sa 


Zero-Error | = +1/4 +3/8 +3/8 +1/2 LSB 
Full-Scall Error | - | #14 +3/8 +3/8 +1/2 LSB 


Quantization Error | = | - +1/2 LSB 
Absolute Accuracy * | = | +5/8 +3/4 LSB 












Pmin tye Tmax min tye Tmax 





















Nonlinearity Ever Hi 
Zero-Error ee ee ae eee ee eee 
Ful Sell Error ae ee 





*Temperature Coefficient; 25 ppm of FSR/°C (max) 
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@ AC CHARACTERISTICS (Vcc=5.0V + 5%, Vgg = OV, Ta = -20~ +75°C, unless otherwise noted.) 
1. CLOCK WAVEFORM 
















Test CD* =0 cD*=1 
typ 


Tio] 


Sea 
ma (oD = | 48 


Unit 





CLK Cycle Time 
CLK “High” Pulse Width 
CLK “Low” Pulse Width 
Rise and Fall Time of 

CLK ter, ter 
*CD: CLK Divider bit 






















ns 





Figure 2 CLK Waveform 


2. (RQ, GAINSEL OUTPUT 






sme 


a 
= Sees 
ee a0 







iRG Release Time 





GAINSEL Delay Time 





tespt1: TTL Load 


tesp2: CMOS Load 


2.4V 


Figure 3 [RO Release Time 


@ HITACHI 781 


HD46508,HD46508- 1,HD46508A,HD46508A- 1 


(1) Sample & Hold 


CLK 






GAINSEL 


*CMOS Load 






~—+_—- tgsp2 





(2) x2, x4 Auto Range-Switching, Programmable Gain 





Vecx0.7* += 


*CMOS Load 








Figure 4 GAINSEL Delay Time 


3. BUS TIMING CHARACTERISTICS 
READ OPERATION SEQUENCE 


HD46508 HD46508-1 
Item Symbol Test HD46508A HD46508A-1 | Unit 


Enable Cycle Time fone | 1.0] — | — | 0666} — | Ms 
Enable “High” Pulse Width (oa ome us 
Enable “Low” Pulse Width | PWex fo4o; - | —| | - | - | ps 


Rise and Fall Time of Enable ns 


Address Set Up Time tas Fig. 5 940 ir tA Of cages): eel] ns 
Data Delay Time toprR | -| - | 320] -| - | 220 | ns 
Data Access Time | -| - | 4a60| —-]| — | 360 | ns 
Data Hold Time tH 10}; —-{| -| to} -| —| ns 
Address Hold Time taH | tof - | -| wl -]| -| ws 
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WRITE OPERATION SEQUENCE 


Yau HD46508 HD46508-1 
s HD4650 HD46508A-1 
Item Symbol | Gondition 6508A Unit 





[min | typ | max |_min_| typ | max _| 
Enable Cycle Time | teyee | | to] - | - foes] - | - | us 
Enable “High” Pulse Width | PWen _| (045 | - | -|o2e0| - | - | us 
Enable “Low” Pulse Width | PWey _ | jo40] - | -|o280| - | -| us 
Rise and Fall Time of Enable tates 2 | [ae (tee fe bake cert ae ol ee 4 ns 
Address Set Up Time tag 40 ee ce AAD Se ieee oe 
Data Set Up Time | tosw_| [95] ~ | -| ao] ~ |] - | ns 
Data Hold Time ithe a ee eae 
Address Hold Time [tan | ae ee 
teycE 
2.0V 2.0V 2.0V 
ter te¢ 
0.8V 0.8V 0.8V 
E 
tas PWen PWe L 
toor 
cs, 
ips : cr fT 
R/W, CS, 
tace 
2.4V 2.4V 
0,-0, \ 
0.4V 0.4V 


Figure 5 Read Timing 
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teycE 
2.0V 2.0V 2.0V 

ter ter 

E 0.8V 0.8V 0.8V 
tas PWe wy PWeL 

—_ tosw: taH 
cs,, R/W 

2.0V 2.0V 
RS,, RS, { 

0.8V 0.8V 
cS, 

tH 

D,~D, 





Figure 6 Write Timing 


§.0V 5.0V 
Re 
Ry 
Test Point Test Point 
Cc R Cc 
LOAD A (D,~D,, GAINSEL) LOAD B (IRQ) 
RL * 2.4k2 Ry = 2.4k2 
R = 11k R = 3k 
c = 130pF c = 100pF 
Diode = 182074Q Diode = 182074@ 
or Equivalent or Equivalent 
Test Point 
30pF 


LOAD C (GAINSEL) 
Figure 7 Test Load 
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® SIGNAL DESCRIPTION 


@ Processor Interface 
Data Bus (Dyp~D-) 

The Bi-directional data lines (Dp~D-, ) allow data transfer 
between the ADU and MPU. Data bus output drivers are 
three state buffers that remain in the high-impedance state 
except when MPU performs a ADU read operation. 

Enable (E) 

The Enable signal (E) is used as strobe signal in MPU R/W 
operation with the ADU intemal registers. This signal is 
normally derived from the HMCS6800 system clock (¢, ). 

Chip Select (CSp, CS,) = 

The Chip Select lines (CS), CS, ) are used to address the 
ADU. The ADU is selected when CSp is at “High” and CS, is 
at “Low” level. 

Read/Write (R/W) 

The R/W line controls the direction of data transfer be- 
tween the ADU and MPU. When R/W is at “High” level, data 
of ADU is transferred to MPU. When R/W is at “Low” level, 
data of MPU is transferred to ADU. 

Register Select (RS, RS;) 

The Register Select line (RSp, RS, ) are used to select one 
of the 4 ADU internal registers. Table 1 shows the relation 
between (RSo, RS,) address and the selected register. The 
lowest 2 address lines of MPU are usually used for these 
signals. 

Reset (RES) 

This input is used to reset the ADU. An input “Low” level 
on RES line forces the ADU into following status. 

1) All the shift-registers in ADU are cleared and the conver- 
sion operation is stopped. 

2) The GAINSEL output goes down to “Low” level. The 
IRQ output is made“Off” state and the Dy~D- are made 
high impedance state. 

Interrupt Request (IRQ) (Open Drain Output) 

This output line is used to inform the A/D conversion end 
signal to the MPU. This signal becomes active “Low” level 
when IE bit in the control register 1 is “1” and IRQ bit in 
the control register 2 goes “1’’ at the end of conversion. And 
this signal returns to “High’’ right after The MPU reads the 
A/D Data Register (R3). Programmable voltage comparison 


@ FUNCTION OF INTERNAL REGISTERS 
@ Structure 


HD46508,HD46508- 1,HD46508A,HD46508A- 1 


does not affect this signal. 
@ Analog Data Interface 
Analog Input (Alp~Al,5) 

The Input Analog Data to be measured is applied to these 
Analog Input (Aly>~AlI, ;). These are multiplexed by internal 
16 channel multiplexer and output to COMMOM pin. A 
particular input channel is selected when the multiplexer 
channel address is programmed into the control Register ! 
(R1). 

Multiplexer Common Output (COMMON) 

This signal is the output of the 16 channel analog multi- 
plexer, and may be connected to the input of pre-amplifier 
or sample/hold circuit according to user’s purposes. When no 
external circuit needed, this output should be connected to 
the COMPIN input. 

Comparator Input (COMPIN) 

This is a high impedance input line that is used to transmit 
selected analog data to comparator. The COMMON line is 
usually connected to this input. When external Pre-amplifier 
or Sample/hold circuit is used, output of these circuits may 
be connected to this input. 

Reference Voltage (+) (REF (+)) 

This line is used to apply the standard voltage to the in- 

ternal ladder resistors. 
Reference Voltage (—) (REF (—)) 
This line is connected to the analog ground. 


@ ADU Control 
Conversion Clock (CLK) 

The CLK is a standard clock input signals which defines 

internal timing for A/D conversion and PC operation. 
Gain Select (GAINSEL) (CMOS Compatible Output) 

This output is used to control the external circuit. The 
function of this signal is programmable and it is specified 
by (G1, GO) bits in Control Register 0. By using this output, 
user can control the auto-range-switching of external pre- 
amplifier, also control external sample & hold circuit, etc. as 
well. 


[NOTE] This LSI is different from other HMCS6800 family 
LSIs in following function 
e RES doesn’t affect IE bit of RO 


Table 1 Internal Registers of the ADU 





Control Register 0 






aie name | et | ee 
7 


| Rt ome oe | 02 | D1 | 
j 

Ra | Status & A/D Data Register) | O | x _|1RO]asy|pco WW ov [ow co 
Ra [ A Data Resister(L) || x | 

Pra [ PCDataResiser Sit x | 






Data Bit 





0 
GO 
DO 
C8 


cs co 
a7 [66 [85 [ea [es | 62 [1 | 60 


re[s[4 [ale {i 
TE [0 | ST Wi 
| sc | Gs | PC | MI | D3 | 
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Control Register 0 (RO) 





|__» “Wode Select 
Not Used area 
Not Used 
Not Used 
Settling Time Available Not Available 
CLK Divider ae CLK 
——_——— Interrupt Enable” Enable IRQ Mask TRO 





“RES doesn’t affect 1 bit. 


Figure 8 Control! Register 0 


Control Register 1 (R1) 







PC rar os [oe [oT] Do 
eg MPX Channel Address 


————> MPX Inhibit 
—————-> Prog. Comparator Select 


GAINSEL Enable 














See Table 3 

Inhibited 
Prog. Comparator mode 
GAINSEL Enable 


8-bit Length ‘ 







Not Inhibited 
A/D Converter mode 


GAINSEL Disable 
10-bit Length 





— $$$ _$_—_—_—_—_————» Short-cycle Conversion 





Figure 9 Control Register 1 


Status & A/D Data Register (H) 









6) 5 i[a}al2irto 
iRa|Bsy |pPcoWYh ov | ow | co | C8 | 
L_. Upper bit (10 bit data) 


Data Weight 
Data Over Scale flag 
Not Used 


Programmable 
Comparator Output 


———-_____—_———_—--—_ Busy flag 











See Table 4. 
Data is over scale Within the scale 









——_—_—_—_—_—-n 






Vain > Vp Vain < Vp 





Under Conversion 


Vain: Unknown Input Voltage 
Vp: Programmed Voltage by R4 


C9, C8 bits are cleared when 8 bit A/D conversion is performed. 


Conversion Completed 











———__——~ IRQ flag 


Figure 10 Status & A/D Data Register (H) 
A/D Data Register (L) 


eis |4/3/2 [1 [0 | 
cé 
SS 


eee order 8 bit Data (Normal 10 bit Conversion) 


8 bit Data (8 bit Short-cycle Conversion) 
Figure 11 A/D Data Register (L) 
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PC Data Register 


het 
[87 | 86 | Bs | 64 | 83 | Ba | 


SSS 8 bit Data for Programmable Voltage Comparison 


Figure 12 PC Data Register 


@ Description for the Internal Registers 


Control Register 0 (RO) 


This Register is a 5-bit read/write register that is used to 
specify Interrupt Enable (IE), CLK Divider (CD), Settling 
Time (ST) and Mode Select (GO, G1). This Register should 


be written before writing R1. 


IE bit: IE = “1”, Interrupt is requested 
(Interrupt Enable) | through the IRQ output. 
IE =“0”, Interrupt is masked. 
CD bit: CD = “1”, CLK + 2 is used as internal 
(Clock Divider) | clock. 
CD = “0”, CLK is used directly. 
ST bit: ST = “1”, First comparison is executed 
(Settling Time) after 1 expanded cycle in 
order to compensate exter- 
nal amplifiers settling delay. 
ST = “0”, Cycle is not delayed. 
GO, G1 bit; These bits are used to specify the func- 
(Mode select) tion of GAINSEL signal when GS bit 





SC bit SC = “1”, 
(Short-cycle) 

SC = “Q”, 
GS bit GS = “1”, 
(GAINSEL Enable) 

GS = “QO”, 
PC bit PC = 1”, 
(Program compra) 

PC = “9”, 
MI bit MI = “1”, 
(MPX Inhibit) 

MI = 0”, 
DO~D3 
(MPX channel) 


HD46508,HD46508- 1,HD46508A,HD46508A- 1 


Short-cycle conversion 
(8 bit lengtir) 

Normal conversion 
(10 bit length) 


GAINSEL signal is 
enabled. The function of 
GAINSEL is specified by 
(GO, G1) bits. 
GAINSEL signal is dis- 
abled. (“Low” level) 


Programmable voltage 
comparator mode 
A/D conversion mode 


Internal MPX channel is 
inhibited in order to use 
external MPX channel. 
Internal MPX channel is 
used. 


These bits are used to select the 
particular MPX channel. 


is se? 


Table 3. MPX Channe! Addressing 


Table 2 Function of GO, G1 














Mode Select 
Sample & Hold 
Auto Range-Switching x 2 
Auto Range-Switching x 4 
Programmable Gain Control 





Control Register 1 (R1) 

This register is an 8-bit read/write register that is used to 
store the command for A/D conversion mode and program- 
mable comparison mode. This register includes MPX channel 
address (Dp~D3), MPX inhibit (MI), programmable com- 
parator select (PC), GAINSEL enable (GS) and short-cycle 
conversion (SC) bits. When this register (R1) is programmed, 
each conversion mode starts. 


Channel #1 | D3 D2 D1 DO Analog Input 


0 0 0 
1 0 0 
2 0 0 
3 0 0 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 1 0 
9 1 0 
10 1 0 
11 1 0 
12 1 1 
13 1 1 
14 1 1 
15 1 1 


@ HITACHI 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 





0 Alo 
1 Al, 
0 Al, 
1 Als 
0 Al, 
1 Als 
0 Al. 
1 Al, 
0 Als 
1 Aly 
0 Alio 
1 Ali 
0 Alia 
1 Alas 
0 Alia 
’ Als 
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Table 4 Function Select 
[sc [| __ Function | as | (60,Gi) 
ae 10bitADCONV. | 0 | DISABLE 










ENABLE* 


x = Do not care 
* = See Table 6 
{NOTE] CD bit and ST bit are effective in every case. 


Status & A/D Data Register (H) (R2) 

This register is a 7-bit read only register that is used to 
store the upper 2-bit data (C8, C9), data weight (DW), data 
overscale (OV), programmable comparator output (PCO), 
busy (BSY) and interrupt request(IRQ). 


(C8, C9) : These bits store upper 2-bit data mea- 
(Upper bit data) sured by 10 bit length conversion. 

DW bit : This bit indicates data weight when 
(Data weight) | Auto range-switching mode is selected. 


This bit is set or reset when the con- 
version has completed. The conditions 
are shown in following Table. 

In this mode GAINSEL output also goes 
“High” or “Low” on the same condi- 
tion shown in Table 5. 

Other status of DW bit is shown in 
Table 6. 


OV bit This bit is set when analog data is 
(Over scale) greater than or equal to reference Volt- 

age (VREF(+))- 

PCO bit This bit indicates the result of pro- 
(Programmable —grammable voltage comparison. 
comparator “1%-»PCO Vain >Vp 
Output) “0”? >PCO Vain< Vp 

Vain : Analog Input 
Voltage to be 
compared 

Vp : Programmed Voltage 
(R4) 

BSY bit This bit indicates that the ADU is now 
(Busy) under conversion. 

IRQ bit This bit is set when the A/D conversion 

(Interrupt has completed and cleared by reading 

Request) the R3. 


A/D Data Register (L) (R3) 

This register is an 8-bit read-only register that is used to 
store the lower 8 bits data of 10-bit conversion or full 8 bits 
data of the 8-bit conversion. 

PC Data Register (R4) 

This register is an 8-bit write-only register prepared for 
Programmable Voltage comparison. Stored data is converted 
to digital voltage, and compared with analog input to be 
measured. The result of comparison is set into PCO bit. 


Table 5 Data Weight (DW) Set or Reset Condition 


Mode ae Set (1 ") 


Reset (‘‘0') 
ots 410 410 
Auto Range-Switching (x2) Vain < TET * Vrerte) Vicig i004 ° VRer(+) 
boas, 206 206 
Auto Range-Switching (x4) Vain < 1024 be Vree(+) Vain > 1024 ° VRer(+) 
Vain : Analog Input Voltage to be measured 


Vrer(+) ' Voltage Applied to REF(+) 
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READ READ 
WRITE WRITE Reg. 2 Reg. 3 
Reg.0 Reg. 1 
1 


cs; 


nics Z2K\CNCZIXIIIL EE tttzzzzzzzz8r”l”lll”l lll Colt. ltt: 
RSy, 


Gong ersion start 


4 At’. Lz 





Contro! 


Rect ETT TL Te A a ET eR eT, ma 


(RO) \ 
Pes ste COMM. a 2 
{rR 


CLK ; : : ele 


Conversion 


Cvele LLL SE S82") VY YM a 


Analog a a ee ee 


MPX Out 


BSY 


LRQ acca, 


Status & A 


Data Rooster «WLLL dd MMMM, 


Peat i VMMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEe”””””é”™@”’™ CLE >=__S 


Figure 13 A/D Conversion Timing Chart (Basic Sequence) 
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@ A/D Conversion and PC sequence 
10 bits A/D Conversion 


(teyc= Tus) 


Conversion Start 


Conversion End 
1) Basic Sequence 


sc = "Q” 
(st = 9" 
GS = "0" 





2) Basic Sequence 
(When overscale 
is detected) 





t 
Overscale check Cycle 
(Analog Input is com- 


pared with Vrer(+)-) 
3) Expanded Sequence 


Sc = “0” 

( ST = a Bad 

GS = "0" 

4) Auto Range- 
Switching Control 





MSB cycle is expanded to compensate external amplifier’s settling delay. 











Sequence “GAINSEL” goes ‘‘High”’ according to the result of comparison. 
° $C = "0" 4 
ST = “0” 
Gs= "1" — 
,GO= “iQ Auto Range- switching cycle 
(Gy =n (Analog Input is compared with 1/2 Vrery) OF 1/4 Vace(s) 
are at this cycle) 
[' GO= "1" 
G1= "9" 


5) Auto Range- 


a) Analog Input < 1/2 Veer) or 1/4 Vreris) 


Switching & Expansion 





Control “GAINSEL” goes “High” 

Sequence 

SC = "0" 

ST =" 

GS ='1" 

GO= "0" 

(G1 ay 
or 

GO= "1" 





[ 


G1 = “Oo” 





GAINSEL doesn’t go ‘High’ 





td>| 





6) Sample & Hold 
Contro! Sequence 


“GAINSEL” goes “High” 


SC = "0" 2? 2° 
ST = 0" (MSB) (LSB) 
Gs = "1" 

GO = "0" ty = 5.5us +tesp1 OF tesp2 

Gi = "9" 
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7) Programmable 


Gain Control “GAINSEL” always goes “High” 
Sequence 
SC = "0" 
‘ ST _ “Oo” 
GS ='1" 
GO = “4 or 
G1 = "4y ow 


8) Programmable 
Gain & Expansion 
Control Sequence 





SC = “0” 
ST =" 
GS = "11" 
GO = "1" 
Gi="1" 


8 Bit A/D Conversion 


1) Basic Sequence 








sc = | ve 
(st = “9” | 
GS = “0” 
Additional conversion cycle 
for rounding the LSB ~ 1 Bit. 
2) Expanded Sequence u 
Sc = “4 oe 
(st = 1") 
GS = “0” 


Programmable Voltage Comparison 


1) Basic Sequence 





( PC = a ow ) 
ST = “Of 
2) Expanded Sequence 

PC = bie | oe 

ST = ae4 “ 
® HOW TO USE THE ADU 1) Auto Range-Switching (Auto Gain) Control 

2) Programmable Gain control 

@ Functions of GAINSEL 3) Sample & Hold control 

The ADU is equipped with programmable GAINSEL out- GAINSEL output is controlled by Mode Select bit (GO, 


put signal. By using GAINSEL output and external circuit, G1) when GAINSEL enable bit (GS) is “1”. 
the ADU is able to implement following control. 


Table 6 GAINSEL Control 


Contro! Mode 






GAINSEL 
Normal Use (GAINSEL is not used) 


Sample & Hold control 


| ti Auto Range Switching x 2 control ieee eet aed 








Auto Range Switching x 4 control 
Programmable Gain control 


* GAINSEL goes “High” or ‘‘Low” according to the condition shown in Table 5. 
** See, Table 5. 
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How to Control External Circuit 


(1) Sample & Hold Control (G1=0, GO=0) 

An example of Sample & Hold circuit is shown in Fig. 14. 
When ADU is set in Sample & Hold Control Mode, GAINSEL 
becomes ‘“‘High” level on conversion and controls the data hold- 
ing. 


(2) Automatic Range Switching Control (G1=0, GO=1 or Gl= 
1, G0=0) 

The GAINSEL signal controls the external amplifier which can 
change the ratio of voltage amplification. (GAIN: 1 > 2 times or 
1 > 4 times). Fig. 15 shows Automatic Range Switching Con- 
trol. In this case, when the input voltage is lower than 206/1024 
Vrer(+), GAINSEL becomes “High” level. This makes the GAIN 
of the amplifier change from ! to 4 times, and 4 times value 
of the input voltage is A/D converted. Using this function even 
if an input signal is small, it is possible to execute A/D conver- 
sion in nearly full scale. In this mode, when GAINSEL signal 
becomes ‘‘High”, DW bit becomes ‘‘l” to show the range 
switching is in a progress. 


(3) Programmable GAIN Control (Gi=1, GO=1) 

The GAINSEL signal is used for controlling the external 
amplifier of any GAIN which is fit to the system. 

In this mode, GAINSEL always becomes “High” at the 
beginning of A/D conversion, so the change of range is con- 
trolled by GS bit. Converted data need to be corrected in soft- 
ware in accordance with GAIN of the amplifier. 

This mode is effective in the case of converting very small 
input voltage. 

(Note) Refer to “ADU Function Sequence” (A/D Conversion 
and PC Sequence) for the timing in which GAIN- 
SEL signal becomes “High’’. GAINSEL signal becomes 
“Low” in accordance with “1” > “0” change of BSY 
bit. Refer to Fig. 13. 


x1 Sample & Hold 


+8V 
HA17902 





HD14066 


HA17902 


COMMON 


COMPIN 


Figure 14 Sample & Hold Circuit 








HA17902 
OR EQU 







D14066 OR EQUI 
rd.d enna ner aas q 







REF (-) |COMPIN 





Figure 15 Pre-amplifier Circuit 
(x1, x4 Auto-Range Switching) 


@ Overscale Check 

ADU is equipped with hardware overscale detection 
function. The overscale detection is performed auto- 
matically when the result of A/D conversion is 29-1 (all 
bits = 1). When analog input Vj, is higher than VREF(Q); 
overscale bit (OV) is set to “1”. The definition of the over- 
scale is illustrated in Fig. 17. And the flow of overscale 
check is shown in Fig. 16. 






A/D CONVERSION 
DATA SET 










NOT OVERSCALE 


OVERSCALE 








' 
29-1 ii 


I 
110! 
{ 
tot! 
\ 


overscale area 








wn 
w 
ray a 
8 1 
rol 
eee. oer 
< roo! ee 
2 oul! ae 
ra} ; ioe eae 
bn ' tied t 
5 oi) Efe poh 
oe 1 Py, tt 
> 001 pee Sy 
5 ral 
eT i 
000 1 
' i ' ' ] ( 
Oo} 18 | 4) Ben 1/2 H 5/8 (3/4, 7/8 BIB Kverscale 
j \ ' , , ' 1 cefers voltage 
qenbudandundwrdawdurd-wt—ovrcrin 
R/2 R FR 3R/2 (FS) 


NORMALIZED ANALOG INPUT 
Figure 17 Definition ADU’s Overscale 
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® Usage of the PC 
The ADU has a programmable threshold voltage com- 
parator (PC) function. The threshold voltage is pre-setable 
from OV to SV range with 8 bit resolution. The comparator’s 


output is stored into PCO bit at the end of comarison. 

The programmable voltage comparison time is so short 
that the interrupt is not requested at this mode. The end of 
comparison needs to be confirmed by reading the 10 transi- 
tion of the BSY bit in R2. 


j Vi COMPARATOR 
to 
Reg. R2 - MPU 


sensers 


from 
MPU 





Figure 18 Function Diagram of the PC 


address ————— 
/ PC=0 : A/D conversion mode 


O 
R1 | sc | cs | pc { mi | 03] 02] 01 | bo | PC=1t : Programmable Voltage 


Comparison Mode 


O 
PCO : Programmable comparator 
r2[ ina] esyfecof | ov | ow] co} ce | SuMpuelEbi dam) 
B,~B, : Vp setting byte (upper 
ra{e7 | ss | os] oe | es] 52 | sr | 80 | byte of 10 bit D/A. 


Lower byte is set to 0) 


Figure 19 Registers of the PC Mode 


START 


Vp(R4) SET 






START 
Vp(R4) SET 


ADDRESS 
PC SET 












Vp_L(R4) SET 


1-PCO 


Vain: Vp 








O-PCO 1—PCO 





TO NEXT PC AD CONV. 


(c) Check and A/D conv. 


(a) General PC 


(b) Window comparator 


Figure 20 PC Application Flow Chart Examples 
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START 
CH1 ADDRESS SET 
PC=0, SC=1 
A/D CONV. 


R3-MPU 
MPU-R4 


CH2, ADDRESS 
PC=1 SET 





(8 bit A/D 
conversion) 









(Programmable 
Voltage 
Comparison) 


(d) Voltage Comparison between two channels. 


Figure 20 PC Application Flow Chart Examples (continued) 


@ EXAMPLE OF APPLIED CIRCUIT OF THE ADU 


Signal 
Source 





TRG 





@ How to use Mi bit 
MI bit (R1) functions as follows. 
MI=1: Internal MPX channel is inhibited in order to use 
attached external MPX channel. 
MI=0: Internal MPX channel is enabled. 


MI bit used to select either of External MPX and Internal 
MPX. External MPX is connected as follows. 


External MPX 






(Addressed at MI=1) 


COMMON 


ADU 


[NOTE] When external MPX is used as the way figure 20, 
1 dammy AD conversion or PC at MI=1 should be 
performed. 


Figure 21 How to use External MPX 








HD6800 








Figure 22 Single ADU System 
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-b 
° 


Signal 


ae aes gaa 


ed 
ra r=} —— Th 


GAINSEL REF(+) 
REF(-) 
x 










CLOCK 


fcc +5V 


REF 








| een seen TRO 

4 

\ a> COMPIN CLK 

IGAINSEL REF(+) 
s 

REF(-) 

4 


Figure 23 Multi ADU System 


“SEE 
GAIN SEL 
USAGE 
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® DEFINITIONS OF ACCURACY 
Definitions of accuracy applyed to HD46508 are as follows. 

(1) Resolution ... The number of output binary digit. 

(2) Offset Error... The difference between actual input volt- 
age and ideal input voltage for the first transition. (when 
digital output code is changed from 000... 00 to 000... 
01.) 

(3) Full Scale Error...The difference between actual input 
voltage and ideal input voltage for the final transition. 
(when digital output code is changed from 111 ...10 to 







Digital Output Code 
111 
110 
101 tides Straight Line 
100 


011 









ts Guenticing Error Analog 


Input 
Voltage 


FS 5/8 FS 7/8 FS FS 
4/8 FS 6/8 FS 








1/8 FS 3/8 
2/8 FS 


111...11.) . 

(4) Quantizing Error...Error equipped in A/D converter 
inherently. Always t% LSB is applied. 

(5) Non-linearity Error...The maximum deviation of the 
actual transfer line from an ideal straight line. This error 
doesn’t include Quantizing Error, Offset, or Full Scale 
Errors. 

(6) Absolute Accuracy... The deviation of the digital output 
code from an analog input voltage. Absolute accuracy in- 
cludes all of (2), (3), (4), (5). 


Digital Output Code Full Scale Error 









tdeal Straight Line 


Vp Non-Linearity Error 


Analog 
Input 
Voltage 


Offset Error 


Figure 24 Definition of Accuracy 
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MICROCOMPUTER SYSTEM 


HD146818 


RTC (Real Time Clock Plus RAM) 


The HD146818 is a HMCS6800 peripheral CMOS device 
which combines three unique features: a complete time-of-day 
clock with alarm and one hundred calendar, a programmable 
periodic interrupt and square-wave generator, and 50 bytes of 
Low-power static RAM. 

This device includes HD6801, HD630! multiplexed bus 
interface circuit and 8085’s multiplexed bus interface as well, 
so it can be directly connected to HD6801, HD6301 and 8085. 

The Real-Time Clock plus RAM has two distinct uses. First. 
it is designed as battery powered CMOS part including all the 
common battery backed-up functions such as RAM, time, and 
calender. Secondly, the HD146818 may be used with a CMOS 
microprocessor to relieve the software of timekeeping work- 
load and to extend the available RAM of an MPU such as the 
HD6301. 
® FEATURES 
@ Time-of-Day Clock and Calendar 
* Counts Seconds, Minutes, and Hours of the Day 
* Counts Days of Week, Date, Month, and Year 
Binary or BCD Representation of Time, Calendar, and Alarm 
12- or 24 Hour Clock with AM and PM in 12-Hour Mode 
Automatic End of Month Recognition 
Automatic Leap Year Compensation 
Interfaced with Software as 64 RAM Locations 
* 14 Bytes of Clock and Control Register 
* 50 Bytes of General Purpose RAM 
@ Three Interrupt are Separately Software Maskable and Test- 

able 

* Time-of-Day Alarm, Once-per-Second to Once-per-Day 

* Periodic Rates from 30.5us to 500ms 

* End-of-Clock Update Cycle 
@ Programmable Square-Wave Output Signal 
@ Three Time Base Input Options 

* 4,194304 MHz 

* 1.048576 MHz 

* 32.768 kHz 
@ Clock Output May be used as Microprocessor Clock Input 

* At Time Base Frequency +4 or +1 
@ Multiplexed Bus Interface Circuit of HD6801, HD6301 and 

8085 
®@ Low-Power, High-Speed, High-Density CMOS 
® Battery Backed-up Operation 
® Motorola MC146818 Compatible 





HD146818P 


(DP-24) 


HD146818FP 


(FP-24) 


The Flat Package product is under development. 


s PIN ARRANGEMENT 


HD146818 














(Top View) 
® ABSOLUTE MAXIMUM RATINGS 
Item Value Unit 
Supply Voltage Vec * -0.3 ~ +7.0 Vv 
Input Voltage Vin * -0.3 ~ +7.0 Vv 
Operating Temperature see 0 ~+70 °C 
Storage Temperature Tg -55 ~ +150 °C 


* With respect to Vgg (SYSTEM GND) 





(NOTE) Permanent LS! damage may occur if maximum rating are exceeded. Normal operation should be under 
recomended operating condition. If these conditions are exceeded. it could affect reliability of LSI. 
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@ RECOMENDED OPERATING CONDITIONS 


[Symbol | min | tye | mex 
ae 
a eee ar ee ee 
Dae ee ee a ee 
[Tor P| 


* With respect to Vgs (SYSTEM GND) 
(NOTE) Refer to Battery Backed-up Electrical characteristics. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5 ~ 5.25V, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 












Supply Voltage 





Input Voltage 














Operating Temperature 





Item 


an nee , CE, AS, 


ee 








R/W, DS, CKFS, PS : 
Input “High” Voltage [Res] [Veto |= Vee |v 
ee eel 
ADy ~AD;, CE, AS, 
Input “Low” Voltage [Reg] Mk Ce EY 
ee ee a a 
Three-state (off state) a 
Output Leakage Current eee eee HA 
ADy ~AD 
Sa pia . 
fie. SQW, CKOUT 
Output “High” Voltage 
Ado TAR: lon <-10HA | Vo¢-0.1 Vv 
| Sam. cxOUT CKOUT oH e ce 
es | ADo~AD, | lor =1.6mA_ | =14 | lor =1.6mA_ | mA 
Output “Low” Voltage | CKOUT =—s——sid lor = 1.6 mA Vv 
TRO, OS lot =1.6mA 
OS ~AD, pF 
Input Capacitance All [ane meet except in F 
[ane meet P 
Output Capacitance er ae CKOUT, IRG pF 
Supply Current 
.(MPU Read/Write SG: disable mA 
eka (No Load) 
+e t =1ys 
Supply Current Circuit: Fig. 11 mA 
(MPU het-opet: Parameter: 
ating) Table 1 BA 
Supply Current 
(MPU Read/Write SQW: disable mA 
operating) CKOUT = fosc 
ne (No Load) 
Supply Current OSC, : open fk 
(MPU not oper- 
ating) uA 








* Supply current of HD 146818 is defined as the value when the time-base frequency to be used is programmed into Register A. 
When power is turned on, these bits are unfixed, so there is a case that current more than the above specification may flow. 
Please never fail to set the time-base frequency after turning on power supply. 

** View min = Vec-9.2V 
Vit max ™ Vggt0.2V 
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@ AC CHARACTERISTICS (Vcc = 4.5 ~ 5.25V, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


BUS TIMING 
Item 
Cycle Time 
Pulse Width, AS/ALE “‘High”’ 
AS Rise Time 
AS Fall Time 


Delay Time DS/E to AS/ALE Rise 

DS Rise Time 

DS Fall Time 

Pulse Width, DS/E Low or RD/WR “High” 
Pulse Width, DS/E High or RD/WR “Low” 
Delay Time, AS/ALE to DS/E Rise 
Address Setup Time (R/W) 

Address Setup Time (CE) 

Address Hold Time (R/W, CE) 

Muxed Address Valid Time to AS/ALE Fall 
Muxed Address Hold Time 

Peripheral Data Setup Time 

Write Data Hold Time 


Peripheral Output Data Delay Time From DS/E or RD 


Read Data Hold Time 


CONTROL SIGNAL TIMING 


Item 


Oscillator Startup 


Reset Pulse Width 

Reset Delay Time 
Power Sense Pulse Width 
Power Sense Delay Time 
TRO Release from DS 
TRO Release from RES 
VRT Bit Delay 


Symbol 


a 


toye 
PWasuy 


tasr 


tast 
tasp 


tosr 
tosr 
PWosu 


typ 


= 
fo] 
oO 


| | 
oO 





. 
Oo 
o 
. 


PWos. 


taspos 
tas 


ice] 
oO 


tas2 
taH 

tase 
taHL 


toHw 


toHR 





=O 
o;o) 





Symbol typ 
[1 MHz,4MHz] 4 axe 
| 32kHz | | = | C1000 
a eee ae eae 
ee 2 


teLH 
tinps 
tinR 
tvrtTD 
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Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Unit 


ms 


us 
Us 
us 
us 
Us 
us 
ys 
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t cyc 


AS Vin 


tosr tost 
‘ tast 
tasp 7 
1H 
OS Vir . 
IL 


es: ae 


= Vin 
ni / 
Vit 


tase taHL toHw 
oad ca | 
ADo~ AD; (| (| Vin . 
Viv 


Vin 
(Write) Vi 
Vin 











\ 7 
“™N 
; 
le 
PrP of 
XY 


ADo~ ADz 
(Read) Vi 





(NOTE) Vin = Von = Vec-2.0V 
Vit =0.7V 
VoL? 0.5V 


Figure 1 Bus Read, Write Timing (6801 Family) 
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HOD146818 


teye 


= = ==] 


RD 


(DS pin) tasp 


pW pW 


Vin 
WR 
(R/W pin) 
tas2 
ee | 


tase i= tour 
ee ¢ 


(Address/Data Bus) a. 
ou 


(NOTE) Vin = Vou = Vec-2.0V 


Figure 2 Read Timing (8085 Family) Vit =0.7V, VoL = 0.5V 


ALE 
(AS pin) tast 
ee 
Veo 
RD 
(DS pin) tasp 
Vin 


—— 
= PWosH eee | Z 
WR Vii 
(RW pin) tas ee 
CE Vin tay 
Ve = 


Vin 
I ee, MED 
(Address/Data Bus) Vie Vit 


(NOTE) Vyiy = Vec-2.0V 
Figure 3. Write Timing (8085 Family) Mie aT 
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teye 


HD 1468 1B ————————— 


eae, t 
RES RWL! 
Vit 
Vie 
tiros 
Vor 


tire 





Ds 
IRQ 






Vou 


(NOTE) Vit =9.7V, Von * Vec-2.0V IRQ 
(NOTE) Vj, =0.8V 


Vou 5 Vec-~2.0V 


Figure 4 1RQ Release Delay (from DS) 
Figure5 RO Release Delay (from RES) 


4.5V 
Vee 
Ov tein ; 
PWL 


Vin 
PS Vic 


tvrto 





VAT Bit “9” 


(NOTE) Vip = Vec-2.0V 
Vit = 0.7V 


* The VRT bit is set to a ‘1’ by reading control register #D. There is no additional way to clear the VRT bit. 


Figure 6 VRT Bit Clear Timing 


4.5V 
Vec 
trLy 


Vie 
RES 





(NOTE) Vin # Vec-1.0V 


Figure 7 RES Release Delay 
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5.0V 5.0V 


Ri 3k2 





Test Terminal 


Test Terminal 


Diode 


1$2074 ® or equiv. 100pF 
Rie Aer (b) TRO Load Circuit 
R =2.55k2 
(a) AD,~AD,, SQW, CKOUT 
: . Figure 8 Test Load 
® BATTERY BACKED-UP OPERATION (2) Retention of RAM data 
@ DEFINITION OF BATTERY BACKED-UP OPERATION (3) RES, IRQ, CKFS, CKOUT, PS, SQW functions 
Active functions Inactive functions 
(1) Clock function (1) Data bus read/write operation 


@ BATTERY BACKED-UP ELECTRICAL CHARACTERISTICS (Vgs = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Supply Voltas 5 Sa na ad EC 
awe == 00a 























Veer = 3.0V 
Crystal Ser 
iat SGW :dsble | [twiie ||| 
Oscillation CKOUT: fosc (No load) A 
Supply | 32kHz | 8 u 
Curren awe = uA 
ol SGW disable | ime [| uA 
EKO othe esata ee 
Battery Backed-up Transit 
Setup Time ie 





Operation Recovery Time 
Supply Voltage Fall Time 
Supply Voltage Rise Time 


teye 


CE, PS 0.7xVecr 
Veer = 3.5V ~4.5V CKFS 


0.8x Vect 


0.8xVect 
CKFS, PS 


ee lon = -B00UA SQW, CKOUT| 0.8xVccr 
S K 
Output “Low” Voltage lo = 80024 QW, CKOUT 


(e] 
fe) 
r 
<] <i]! <| <] <| <] <| <] BB] 2 


Input “High” Voltage eet 





Input ‘‘Low”’ Voltage Vite 


i 








* The time-base frequency to be used needs to be chosen in Register A. 
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Battery Backed-up Mode 





OSC, 
OSC, 


Vcc -— 


Vss——— 


DS 
R/W 


AS 


AD, ~AD:< 8 » 


804 


Figure 9 Battery Backed-up Timing 


Time Base L i! 1Hz 
Input/Osc 










Square 


Wave Out saw 
ee = 
RES 
Registers 4 Bytes 
PS 







Bus Clock/ Clock, Alarm, 
Interface Calendar Calendar RAM 
Update (10 Bytes) 







BCD/ 
Binary 
Increment 










User RAM 
(50 Bytes) 






Figure 10 Block Diagram 
© HITACHI 





® CRYSTAL OSCILLATION CIRCUIT 

The on-chip oscillator is designed for a parallel resonant 
crystal at 4.194304 MHz or 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown in Figure 11. 


HD146818 
Osc, OSC, 





Figure 11 Crystal Oscillator Connection 


® NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 
(1) Crystal oscillator, load capacity Cin, Court, CL and Re, Rg 
must be placed near the LSI as much as possible. 
Normal oscillation may be disturbed when external 
noise is induced to pin 2 and 3. 





HD146818 





HD146818 


Table 1 Oscillator Circuit Parameters 


oe 4.194304 MHz | 1.048576 MHz} 32.768 kHz 
Paramete 


150 kQ 150 kQ 


80 2 (max) 700 2 (max) | 40 kQ (max) 


(NOTE) 1. Rs, Ct are used for 32.768 kHz only. 

2. Capacitance (Cin) should be adjusted to accurate frequency. 
Parameters listed above are applied to the supply current 
measurement (See table of DC CHARACTERISTICS). 

3. Cl: Crystal Impedance 





(2) Pin 3 signal line should be wired apart from pin 4 signal 
line as much as possible. Don’t wire them in parallel, or 
normal oscillation may be disturbed when this signal is 
feedbacked to OSC,. 


(3) A signal line or a power source line must not cross or go 
near the oscillation circuit line as shown in the right figure 
to prevent the induction from these lines and perform the 
correct oscillation. The resistance among OSC,, OSC, and 
other pins should be over 10OMQ. 


The following design must be avoided. 


Signal A Signal B 
1 ! 





HD146818 





Figure 12 Note for Board Design of the Oscillation Circuit 
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a INTERFACE CIRCUIT FOR HD6801, HD6301 AND 
8085 PROCESSOR 
HD146818 has a new interface circuit which permits the 
HD146818 to be directly interfaced with many type of multi- 
plexed bus microprocessor such as HD6801, HD6301 and 8085 
etc. 


HD6801, 

HD6301 Type 8085 Type HD146818 
MPU Signals MPU Signals Pin Signals 
AS ALE AS 

DS, E, or $2 RD bs 
R/W WR R/W 





Figure 13 shows the bus control circuit. This circuit auto- 
matically selects the processor type by using AS/ASE to latch 
the state of DS/RD pin. Since DS is always “Low” and RD is 
always “High during AS/ALE, the latch automatically indicates 
which processor type is connected. 







Internal 
Signals 


Read Enable 





Write Enable 





Figure 13 Functional Diagram of the Bus Control Circuit 


® ADDRESS MAP 

Figure 14 shows the address map of the HD146818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex- 
cept Registers C and D which are read only. Bit 7 of Register 
A and the seconds byte are also read only. Bit 7, of the second 
byte, always reads “0”. The contents of the four control and 
status registers are described in the Register section. 


® Time, Calendar, and Alarm Locations 
The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 





may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCD). 

Before initializing the internal registers, the SET bit in 
Register B should be set to a “1” to prevent time/calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data mode, 
either binary or BCD. The SET bit may now be cleared to 
allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 


Seconds 
Sec Alarm 
Min Alarm 
Binary 
or BCD 
Hr Alarm Contents 


Day of Wk 


Date of Mo 


onan OO oT F&F WN | CO 


Year 

10 Register A 
11 Register B 
12 Register C 
13 Register D 





Figure 14 Address Map 
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Table 2 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
0-to-23. The 24/12 bit cannot be changed without reinitializing 
the hour locations. When the 12-hour format is selected the 
high-order bit of the hours byte represents PM when it is a ‘“‘1”’. 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program. Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 ys at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 ys for the 32.768 kHz time 
base. The Update Cycle section shows how to accommodate 


HD146818 


the update cycle in the processor program. 

The three alarm bytes may be used in two ways. When 
the program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is “1”. The alternate usage is to insert a “don’t care” state in 
one or more of three alarm bytes. The “don’t care” code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to “1”, create a “don’t 
care” situation. An alarm interrupt each hour is created with 
a “don’t care” code in the hours alarm location. Similarly, an 
alarm is generated every minute with “don’t care’? codes in 
the hours and minutes alarm bytes. The ‘“‘don’t care” codes 
in all three alarm bytes create an interrupt every second. 


Table 2 Time, Calendar, and Alarm Data Modes 


Address 
Location 

0 Seconds 

1 Seconds Alarm 

2 Minutes 

3 Minutes Alarm 0~59 

Hours 
(12 Hour Mode) 
Hours Alarm 





(12 Hour Mode) 


acinial Range 
: ecima 
Function Range 


. Binary BCD 
Binary Data Mode BCD Data Mode Data Mode 


$00~$3B goo~sso | tS | 
$00 ~ $3B $00 ~ $59 15 21 
0~59 $00 ~$3B $00 ~ $59 3A 58 


$00 ~$3B 


$01~$0C (AM) and 
$81 ~$8C (PM) 


1~12 
: Hours 
Bangi Mga) 0~23 $00 ~$17 $00 ~$23 05 05 
¥ $01 ~$0C (AM) and | $01~$12 (AM) and 
1~12 $81 ~$8C (PM) $81 ~$92 (PM) 05 05 


Example* 


$00 ~ $59 3A 58 


$01~$12 (AM) and 
$81 ~$92 (PM) 06 06 





5 
Hours Alarm Be ” 7 
(24 Hour Mode) 0~23 $00 ~$17 $00 ~$23 05 | 05 


Day of the Week 











6 Sunday = 1 1~7 $01 ~ $07 
7 Day of the Month 1~31 

8 Month 1~12 

9 Year 


* Example: 5:58:21 Thursday 15th February 1979 


$01 ~ $07 


=f 


$01~$1F $01 ~$31 15 
$01 ~$0C $01 ~$12 | 02 02 
s00~$69 $00~$99 79 


** Set the lower two digits of year in AD. If this number is multiple of 4, update applied to leap year is excuted. 


® Static CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the HD146818. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the program. 

When further CMOS RAM is needed, additional HD146818s 
may be included in the system. The time/calendar functions 
may be disabled by holding the dividers, in Register A, in the 
reset state by setting the SET bit in Register B or by removing 
the oscillator. Holding the dividers in reset prevents interrupts 
or SQW output from operating while setting the SET bit allows 
these functions to occur. With the dividers clear, the available 
user RAM is extended to 59 bytes. Bit 7 of Register A, Registers 
C and D, and the high-order Bit of the seconds byte cannot 
effectively be used as general purpose RAM. 


= INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for rates 
from half-a-second to 30.517 us. The update-ended interrupt 
may be used to indicate to the program that an up-date cycle 
is completed. Each of these independent interrupt conditions 
are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a “1” to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A “0” in 
the' interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is already set when the interrupt becomes 
enabled, the IRQ pin is immediately activated, though the 
interrupt initiating the event may have occurred much earlier. 
Thus, there are cases where the program should clear such 
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earlier initiated interrupts before first enabling new interrupts. 

When an interrupt event occurs a flag bit is set to a “1” in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding enable 
bits. 

In the software scanned case, the program does not enable 
the interrupt. The “interrupt” flag bit becomes a status bit, 
which the software interrogates, when it wishes. When the 
software detects that the flag is set, it is an indication to soft- 
ware that the “interrupt” event occurred since the bit was 
last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
ali utilized flag bits every time Register C is read to insure that 
no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the correspond- 
ing interrupt-enable bit is also set, the IRQ pin is asserted 
“Low”. IRQ is asserted as long as at least one of the three 
interrupt sources has its flag and enable bits both set. The 


IRQOF bit in Register C is a “1” whenever the IRQ pin is being 
driven “Low”. 

The processor program can determine that the RTC initiated 
the interrupt by reading Register C. A “1” in bit 7 (IRQF bit) 
indicates that one of more interrupts have been initiated by 
the part. The act of reading Register C clears all the then-active 
flag bits, plus the IRQF bit. When the program finds IRQOF set, 
it should look at each of the individual flag bits-in the same 
byte which have the corresponding interrupt-mask bits set 
and service each interrupt which is set. Again, more than one 
interrupt-flag bit may be set. 


= DIVIDER STAGES 

The HD146818 has 22 binary-divider stages following the 
time base as shown in Figure 10. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are con- 
troller by three divider bus (DV2, DV1, and DVO) in Register 
A. 


®@ Divider Control 

The divider-control bits have three uses, as shown in Table 
3. Three usable operating time bases may be selected (4.194304 
MHz, 1.048576 MHz, or 32.768 kHz). The divider chain may 
be held reset, which allows precision setting of the time. When 
the divider is changed from reset to an operating time base, 
the first update cycle is.one second later. The divider-control 
bits are also used to facilitate testing the HD146818. 


Table 3 Divider Configurations 








Time-Base 
Frequency 


4.194304 MHz 
1.048576 MHz 
32.768 kHz 






Divider Bits 
Register A 


aa 
| Yes 
as eect 
| No 





Operation Bypass First 


N-Divider Bits 





Divider 
Reset 


(NOTE) Other combinations of divider bits are used for test purposes only. 


@ Square-Wave Output Selection 

Fifteen of the 22 divider taps are made available to a 1-of-15 
selector as shown in Figure 10. The first purpose of selecting 
a divider tap is to generate a square-wave output signal in the 
SQW pin. Four bits in Register A establish the square-wave 
frequency as listed in Table 4. The SQW frequency selection 
shares the 1-of-15 selector with periodic interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWE) bit in Register B. Altering the 
divider, square-wave output selection bits, or the SQW output- 
enable bit may generate an asymetrical waveform at the time 
of execution. The square-wave output pin has a number of 
potential uses. For example, it can serve as a frequency standard 
for external use, a frequency synthesizer, or could be used to 
generate one or more audio tones under program control. 
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®@ Periodic Interrupt Selection __ 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 ys. The periodic 
interrupt is separate from the alarm interrupt which may be 
output from once-per-second to once-per-day. 

Table 4 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled by the SQWE bit. Similarly the periodic interrupt is 
enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time sys- 
tems. It can be used to scan for all forms of input from contact 
closures to serial receive bits or tyes. It can be used in multi- 
plexing displays or with software counters to measure inputs, 
create output intervals, or await the next needed software func- 
tion. 
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Table 4 Periodic Interrupt Rate and Square Wave Output Frequency 

















4.194304 or 1.048576 MHz 32.768 kHz 
ee : Time Base Time Base 
. ier as SQW Output ae Rate SQW Output 
RS3 | Rs2 | RSt | RSO re Frequency G Frequency 
o | o | o | oO | None {| None | None 
o | o | oO 1 30.517 ps 32.768 kHz 3.90625 ms 256 Hz 
a a ee ee aE: 61.035 ys 7.8125 ms 128 Hz 
o | o | 1 | 1 | 122.070us [| — 8.192kHz 122.070 us 8.192 kHz 
oof 1 { o | o [ 244.141us | 4.096kHz | 244.14tus | 4.096 kHz 
o {1 | o | 1 | 498.281us | 2.048 kHz 488.281 ys 2.048 kHz 
of 1 ff a1 fo Tf 976s62us | 1.024kHz | 976.562us_ | 1.024 kHz 
o | 1 | 1 | 1. | 1,953125ms | 512 Hz 1.953125 ms 512 Hz 
1 fo | o | o | 390625ms [| 256Hz 3,90625 ms 256 Hz 
1 0 0 1 7.8125 ms 128 Hz 
1 fo {| 1 fo | 15.626ms | 64 Hz 15.625 ms 64 Hz 
toto fot ft | 3t2bms | Hz | 81.25 ms 32 Hz 
a a Pee 22 16 Hz 62.5 ms 16 Hz 
1o[ tf] o ft tf 16m He 128 ms 8 Hz 
vita tia foo | b0ms | ae | 250 ms 4 Hz 


@ Initialization of the Time and the Start Sequence 

The first update of the time occurs about 500ms later after 
the SET bit of control register B is reset. So keep followings in 
mind when initializing and adjusting the time. 
Procedure of time initialization 

(1) Set the SET bit of control register B. (SET = “1”) 


(2) Set “1” into all the DVO, 1, 2 bits of control register A. 
(DVO = DVI = DV2 = “1”) 

(3) Set the time and calendar to each RAM. 

(4) Set the frequency in use into DVO, 1 and DV2. 

(5) Reset the SET bit. (SET = 0’) 


UIP Bit pes les 
(register A) 500ms ~- 15yus 

Time initialize 

(SET bit 1-50) 24dus+248us (4MHz, 1MHz} 


(24445+1984us (3BkHz)) 


7 





1 Second 1 Second 


Figure 15 Time Initialization and the First Update 


Restriction on Time-of-day and Calendar Initialization 

There is a case in HD146818 (RTC) that update is not exe- 
cuted correctly if time of day and calendar shown below are 
initialized. Therefore, initialize the RTC without using time of 
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day shown below. 


Calendar, Time of day 
& Status after Update 


If 29th 23:59:59 in ail the months is initial- 
ized, update to 1st in the next month is 
executed. (Jan. - Dec. However except for 
Feb. 29th in leap year) 

lf 30th 23:59:59 in Apr., June, Sept., and 
Nov. is initialized, update to 31st in each 
month is executed. 


If Feb. 28th 23:59:59 (not in leap year) is Feb. 28th, 1983 
initialized, update to Feb. 29th is executed. | > Feb. 29th, 1983 


If Feb. 28th 23:59:58 (in leap year) is ini- Feb. 28th, 1984 
tialized, update to Mar. 1st is executed. > Mar. 1st,1984 


Examples 





Mar. 29th 
Apr. 1st 





Apr. 30th 
>Apr. 31st 











™ UPDATE CYCLE 

The HD146818 executes an update cycle once-per-second, 
assuming one of the proper time bases is in place, the divider 
is not clear, and the SET bit in Register B is clear. The SET bit 
in the “1” state permits the program to initialize the time and 
calendar bytes by stopping an existing update and preventing 
a new one from occurring. 


The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each alarm 
byte with the corresponding time byte and issues an alarm 
if a match or if a “don’t care” code (11XXXXXX) is present 
in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
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date cycle takes 248 us while a 32.768 kHz time base update 
cycle takes 1984 us. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The HD146818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in progress 
(UIP) status bit is set during the interval. 

A program which randomly accesses the time and date infor- 
mation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are avail- 
able to read valid time and date information. During this time 
a display could be updated or the information could be trans- 
fered to continuously available RAM. Before leaving the inter- 
rupt service routine, the IRQF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
“1”, the update cycle begins 244 us later. Therefore, if a “O” 
is read on the UIP bit, the user has at least 244 us before the 
time/calendar data will be changed. If a “1” is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 


UIP bit in 
Register A 


UF bit in 
Register C 


PF bit in 
Register C 





time needed to read valid time/calendar data to exceed 244 ys. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
1” between the setting of the PF bit in Register C (see Figure 
16) Periodic interrupts that occur at a rate of greater than 
tpuc + tuc allow valid time and date information to be read 
at each occurrence of the periodic interrupt. The reads should 
be completed within (tpy + 2) + tgyuc to insure that data is 
not read during the update cycle. 


8 POWER-DOWN CONSIDERATIONS 

In most systems, the HD146818 must continue to keep 
time when system power is removed. In such systems, a con- 
version from system power to an alternate power supply, 
usually a battery, must be made. During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, minimize power 
consumption, and ensure hardware reliability according to 
the specification described in the section regarding Battery 
Backed-up operation. 

The chip enable (CE) pin controls all bus inputs (R/W, DS, 
AS, ADo ~ AD-). CE, when negated, disallows any unintended 
modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 

During and after the power source conversion, the Vyj 
maximum specification must never be exceeded. Failure to 
meet the Vyy maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 





tuc 
tguc 





tp) +2 


tp; = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc.) 


tuc = Update Cycle Time (248 us or 1984 us) 
tauc 2 Delay Time Before Update Cycle (244 us) 


Figure 16 Update-Ended and Periodic Interrupt Relationship 
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= SIGNAL DESCRIPTIONS 

The block diagram in Figure 10, shows the pin connection 
with the major internal functions of the HD146818 Real-Time 
Clock plus RAM. The following paragraphs describe the func- 
tion of each pin. 


® Vcc, Vss 

DC power is provided to the part on these two pins, Voc 
being the most positive voltage. The minimum and maximum 
voltages are listed in the Electrical Characteristics tables. 


@ OSC,,OSC, — Time Base (Inputs) 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be connect- 
ed to OSC, as shown in Figure 17. The time-base frequency 
to be used is chosen in Register A. 


Vee 


HD146818 


The on-chip oscillator is designed for a parallel resonant 
crystal at 4.194304 MHz or 1.048576 MHz or 32.768 kHz fre- 
quencies. The crystal connections are shown in Figure 11. 


® CKOUT — Clock Out (Output) 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input clock 
to the microprocessor; thereby saving the cost of a second 
crystal. The frequency of CKOUT depends upon the time-base 
frequency and the state of the CKFS pin as shown in Table 5. 


®@ CKFS — Clock Out Frequency Select (Input) 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. CKFS tied to Voc causes CKOUT to be the 
same frequency as the time base at the OSC, pin. When CKFS 
is at Vsg, CKOUT is the OSC, time-base frequency divided 
by four. Table 5 summarizes the effect of CKFS. 


Optional 
(Veco-1.0V) 


4.194304 MHz ! 
or 
1.048576 MHz 
or 
32.768 kHz 


(Open) 









OSC: 


Osc, 


HD146818 


Figure 17 External Time-Base Connection 


Table 5 Clock Output Frequencies 























Time Base Clock Frequency | Clock Frequency 
(OSC,) Select Pin Output Pin 
Frequency (CKFS) (CKOUT) 






4.194304 MHz “High” 4.194304 MHz 


4.194304 MHz “Low” 1.048576 MHz 

1.048576 MHz “High” 1.048576 MHz 

1.048576 MHz “Low” 262.144 kHz 
32.768 kHz “High” 32.768 kHz 





32.768 kHz “Low” 8.192 kHz 








@ SQW — Square Wave (Output) 

The SQW pin can output a signal one of 15 of the 22 
internal-divider stages. The frequency and output enable of 
the SQW may be altered by programming Register A, as shown 
in Table 4. The SQW signal may be turned on and off using 
a bit in Register B. 


@ AD o ~ AD, — Multiplexed Bidirectional Address/Data Bus 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
HD146818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE 
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at which time the HD146818 latches the address from ADp to 
AD,. Valid write data must be presented and held stable during 
the latter portion of the DS or WR pulses. In a read cycle, 
the HD146818 outputs 8 bits of data during the latter portion 
of the DS or RD pulses, then ceases driving the bus (returns 
the output drivers to three-state) when DS falls in the HD6801, 
HD6301 case or RD rises in the other case. 


® AS — Multiplexed Address Strobe (Input) 

A positive going multiplexed address strobe pulse serves 
to demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the HD146818. The bus 
control circuit in the HD146818 also latches the state of the 
DS pin with the falling edge of AS or ALE. 


@ DS — Data Strobe or Read (Input) 

The DS pin has two interpretations via the bus control 
circuit. When emanating from 6801 family type processor, 
DS is a positive pulse during the latter portion of the bus 
cycle, and is variously called DS (data strobe), E (enable), and 
$2 (¢2 clock). During read cycles, DS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles, the trail- 
ing edge of DS causes the Real-Time Clock plus RAM to latch 
the written data. 

The second interpretation of DS is that of RD, MEMR, or 
Y/OR emanating from the 8085 type processor. In this case, 
DS identifies the time period when the real-time clock plus 
RAM drives the bus with read data. This interpretation of 
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DS is also the same as an output-enable signal on a typical 
memory. 

The bus control circuit, within the HD146818, latches the 
state of the DS pin on the falling edge of AS/ALE. When 6801 
mode, DS must be “Low” during AS/ALE, which is the case 
with 6801 family multiplexed bus processors. To insure the 
8085 mode of this circuit the DS pin must remain “High” 
during the time AS/ALE is “High”. 


© R/W — Read/Write (Input) 

The bus control circuit treats the R/W pin in one of two 
ways. When 6801 family type processor is connected, R/W is 
a level which indicates whether the current cycle is a read or 
write. A read cycle is indicated with a “High” level on R/W 
while DS is “High”, whereas a write cycle is a “Low” on R/W 
during DS 

The_second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and I/OW from 8085 type processors. This 
circuit_in this mode gives R/W pin the same meaning as the 
write (W) pulse on many generic RAMs. 


© CE — Chip Enable (Input) 

The chip-enable (CE) signal must be asserted (“Low”) 
for a bus cycle in which the HD146818 is to be accessed. CE 
is not latched and must_be stable during DS and AS (in the 
6801 case) and during RD and WR (in the 8085 case). Bus 
cycles which take place without asserting CE cause no actions 
to take place within the HD146818. When CE is “High”, the 
multiplexed bus output is in a high-impedance state. 

When CE is “High”, all address, data, DS, and R/W inputs 

from the processor are disconnected within the HD146818. 
This permits the HD146818 to be isolated from a powered- 
down processor. When CE is held “High”, an unpowered device 
cannot receive power through the input pins from the real- 
time clock power source. Battery power consumption can thus 
be reduced by using a pullup resistor or active clamp on CE 
when the main power is off. 








© TRQ — Interrupt Request (Output) 

The IRQ pin is an active “Low” output of the HD146818 
that may be used as an interrupt input to a processor. The IRQ 
output remains “Low” as long as the status bit causing the 
interrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRQ pin, the processor program normally 
reads Register C. The RES pin also clears pending interrupts. 

When no interrupt conditions are present, the IRQ level is 
in the high-impedance state. Multiple interrupting devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 


© RES — Reset (Input) 
The RES pin does not affect the clock, calendar, or RAM 


functions. On powerup, the RES pin must be held “Low” for- 


the specified time, tay, in order to allow the power supply 
to stabilize, Figure 18 shows a typical representation of the 
RES pin circuit. 
When RES is “Low” the following occurs: 
a) Periodic Interrupt Enable (PIE) bit is cleared to “0”. 
b) Alarm Interrupt Enable (AIE) bit is cleared to “0”. 
c) Update ended interrupt Enable (UIE) bit is cleared to 
sg”?, 
d) Update ended Interrupt Flag (UF) bit is cleared to “0”. 
e) Interrupt Request status Flag (IRQF) bit is cleared to 
ais hae 
f) Periodic Interrupt Flag (PF) bit is cleared to ‘0’. 
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g) Alarm Interrupt Flag (AF) bit is cleared to “0”. 


h) IRQ pin is in high-impedance state, and 
i) Square Wave output Enable (SQWE) bit is cleared to “0”. 


@ PS — Power Sense (Input) 

The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register C. When the PS pin is 
“Low” the VRT bit is cleared to “0”. 

During powerup, the PS pin must be externally held “Low” 
for the specified time, tppz;. AS power is applied the VRT bit 
remain “Low” indicating that the contents of the RAM, time 
registers, and calendar are not guaranteed. When normal opera- 
tion commences PS should be permitted to go “High”. Output 
signal from external power sence circuit will be connected to 
this input. 


Di D2 


System 






Battery 


Vec Backed-up 


Ds 


i 0.005 uF 


If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Vj, requirements. 


(NOTE) 
Figure 18 Typical Powerup Delay Circuit for RES 


™ REGISTERS 

The HD146818 has four registers which are accessible to the 
processor program. The four registers are also fully acces- 
sible during the update cycle. 


@ Register A ($0A) 
MSB 


/Write 
rer [oe [ee [ow [os [ee por poo 
[ur [ova [ova [ovo [rss [rs2 [rst [Aso | except UP 


UIP — The update in progress (UIP) bit is a status flag that may 
be monitored by the program. When UIP is a “1” the update 


Table 6 Update Cycle Times 


Time Base Update Cycle 
(OSC,) Time (tuc) 


4.194304 MHz 
1.048576 MHz 
32.768 kHz 
4.194304 MHz 
1.048576 MHz 
32.768 kHz 















Minimum Time 
Before Update 
Cycle (tguc) 


UIP Bit 


C0034 
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cycle is in progress or will soon begin. When UIP is a “0” 
the update cycle is not in progress and will not be for at least 
244 us (for all time bases). This is detailed in Table 6, The 
time, calendar, and alarm information in RAM is fully available 
to the program when the UIP bit is zero — it is not in transition. 
The UIP bit is a read-only bit, and is not affected by Reset. 
Writing the SET bit in Register B to a “1” inhibit any update 
cycle and then clear the UIP status bit. 


DV2, DV1, DVO — Three bits are used to permit the program 
to select various conditions of the 22-stage divider chain. The 
divider selection bits identify which of the three time-base 
frequencies is in use. Table 3 shows that time bases of 4.194304 
MHz, 1.048576 MHz, and 32.768 kHz may be used. The divider 
selection bits are also used to reset the divider chain. When the 
time/calendar is first initialized, the program may start the 
divider at the precise time stored in the RAM. When the divider 
reset is removed the first update cycle begins half a second later. 
These three read/write bits are never modified by the RTC and 
are not affected by RES. 


RS3, RS2, RS1, RSO — The four rate selection bits select one 
of 15 taps on the 22-stage divider, or disable the divider output. 
The tap selected may be used to generate an output square 
wave (SQW pin) and/or a periodic interrupt. The program 
may do one of the following: 1) enable the interrupt with the 
PIE bit, 2) enable the SQW output pin with the SQWE bit, 3) 
enable both at the same time at the same rate, or 4) enable 
neither. Table 4 lists the periodic interrupt rates and the square- 
wave frequencies that may be chosen with the RS bits. These 
four bits are read/write bits which are not affected by RES and 
are never changed by the RTC. 


© Register B ($OB) 
MSB 


wine lee ae 
Regist 
rset [rie [are [ure [sawe| om [oanz|ose| 


SET — When the SET bit is a “0”, the update cycle functions 
normally by advancing the counts once-per-second. When 
the SET bit is written to a “1”, any update cycle in progress is 
aborted and the program may initialize the time and calendar 
bytes without an update occurring in the midst of initializing. 
SET is a read/write bit which is not modified by RES or internal 
functions of the HD146818. 


PIE — The periodic interrupt enable (PIE) bit is a read/write 
bit which allows the periodic-interrupt flag (PF) bit to cause 
the IRQ pin to be driven “Low”. A program writes a “1” to 
the PIE bit in order to receive periodic interrupts at the rate 
specified by the RS3, RS2, RS1, and RSO bits in Control 
Register A. A ‘“O” in PIE blocks IRQ from being initiated 
by a periodic interrupt, but the periodic flag (PF) bit is still 
at the periodic rate. PIE is not modified by any internal 
HD146818 functions, but is cleared to “0” by a RES. 


AIE — The alarm interrupt enable (AIE) bit is a read/write bit 
which when set to a “1” permits the alarm flag (AF) to assert 
IRQ. An alarm interrupt occurs for each second that the three 
time bytes equal the three alarm bytes (including a ‘don’t 
care” alarm code of binary 11XXXXXX)._ When the AIE bit 
is a “0”, the AF bit does not initiate an IRQ signal. The RES 
pin clears AIE to “0”. The internal functions do not affect 


HD146818 


the AIE bit. 


UIE — The UIE (update-ended interrupt enable) bit is a read/ 
write bit which enables the update-end flage (UF) bit to assert 
IRQ. The RES pin going “Low” or the SET bit going “1” clears 
the UIE bit. 

SQWE — When the square-wave enable (SQWE) bit is set to a 
“1”? by the program, a square-wave signal at the frequency 
specified in the rate selection bits (RS3 to RSO) appears on the 
SQW pin. When the SQWE bit is set to a “0” the SQW pin is 
held “Low”. The state of SQWE is cleared by the RES pin. 
SQWE is a read/write bit. 


DM — The data mode (DM) bit indicates whether time and 
calendar updates are to use binary or BCD formats. The DM bit 
is written by the processor program and may be read by the 
program, but is not modified by any internal functions or 
RES. A “1” in DM signifies binary data, while a “0” in DM 
specified binary-coded-decimal (BCD) data. 


24/12 — The 24/12 control bit establishes the format of the 
hours bytes as either the 24-hour mode (a “‘1”’) or the 12-hour 
mode (a “0”’). This is a read/write bit, which is affected only 
by the software. 


DSE — The daylight savings enable (DSE) bit is a read/write 
bit which allows the program to enable two special updates 
(when DSE is a “1’’). On the last Sunday in April the time 
increments from 1:59:59 AM to 3:00:00 AM. On the last 
Sunday in October when the time first reaches 1:59:59 AM 
it changes to 1:00:00 AM. These special updates do not occur 
when the DSE bit is a “0”. DSE is not changed by any internal 
operations or reset. 


@ Register C ($0C) 
MSB 


Read-O 
Cac CccccCe "Reaiter 
nar | pr [ar | ur fo [fo Jo To | 


IROF — The interrupt request flag (IRQF) is set to a “1” when 
one or more of the following are true: 

PF =PIE = “1” 

AF = AIE = “1” 

UF = UIE = “1” 
ie., IRQF = PF > PIE+ AF* AJE+ UF « UIE 


Any time the IRQF bit is a “1”, the IRQ pin is driven 
“Low’’. All flag bits are cleared after Register C is read by the 
program or when the RES pin is low. A program write to 
Register C does not modify any of the flag bits. 


PF — The periodic interrupt flag (PF) is a read-only bit which 
is set to a “1” when a particular edge is detected on the selected 
tap of the divider chain. The RS3 to RSO bits establish the 
periodic rate. PF is set to a “1” independent of the state of the 
PIE bit. PF being a “1” initiates an IRQ signal and the e IRQF 
bit when PIE is also a “1”. The PF bit is cleared by a RES or 
a software read of Register C. 


AF — A “1” in the AF (alarm interrupt flag) bit indicates that 
the current time has matched the alarm time. A “1”. in the 
AF causes the IRQ pin to go “Low”, and a “1” to appear in 
the IRQF bit, when the AJE bit also is a “1”. A RES or a read 
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of Register C clears AF. 


UF — The update-ended interrupt flag (UF) bit is set after each 
update cycle. When the UIE bit is a “1”, the “1” in UF causes 
the IRQF bit to be a “1”, asserting IRQ. UF is cleared by a 
Register C read or a RES. 


b3 to bO — The unused bits of Status Register C are read as 
“0’s”. They can not be written. 


@ Register D ($0D) 
MSB LSB 


Per [ee es [oe [os [et [ot [00 | “pegr 
Cee ee ee ee 


= PACKAGE DIMENSIONS (Unit; mm) 


@DP-24 








VRT — The valid RAM and time (VRT) bit indicates the condi- 
tion of the contents of the RAM, provided the power sense 
(PS) pin is satisfactorily connected. A “0” appears in the 
VRT bit when the power-sense pin is “Low”. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read/only bit which is not modified by the RES pin. 
The VRT bit can only be set by reading the Register D. For 
setting this bit, PS signal needs to be “High” level. 


b6 to bO — The remaining bits of Register D are unused. They 
cannot be written, but are always read as “‘0’s”’. 


= NOTE FOR USE 

Input Signal, which is not necessary for user’s application, . 
should be used fixed to “High” or “Low” level. This is appli- 
cable to the following signal pins. 

CKES, PS 


@FP-24 


te 
a 
= 
fan 
2 
= 
tw 
oo 
= 
3 
o 
5 
S 
we 
4 


0.915( Including End Flash) 
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RESTRICTION ON HD146818 USAGE (1) 
The daylight saving function can not be performed on the HD146818P (X type). So do not use this function for the system 


design. 
<Type number > HD146818P (X type Marked as follows) 


@® 282 6.3 
HD146818P 
JAPAN 


< Restriction on usage > 
Please set “0” to DSE bit (Daylight Saving Enable bit) on initializing the control register B. 
DSE = “1” is prohibited. 


RESTRICTION ON HD146818 USAGE (2) 


Access to HD146818 needs to be performed under following conditions. 
(i) Chip-enable (CE) must be asserted to active ‘‘Low’”’ level only when MPU performs read/write operation from/into 


internal RAM (Time and Calendar RAM, Control register, User RAM). 
(ii) User RAM and control register must be accessed in less than 1/4 frequency shown below. 
(Example: After one access, non-access cycles more than three cycles are necessary to be inserted.) 


(Example 1] 
4 Cycles (min) 


= 
Address Gp, Gp Wy, Oy C 


= SORES 


Non-Access 
Access to HD146818 


[Example 2] 
8 Cycles 


Address 
CE 
Access to HD146818 (Two Continuous Accesses) 


As shown in the above [example 2], when HD146818 is accessed continuously, continuous access must 
not be executed over fifty times. 


(iii) The application that User RAM is used for program area should be avoided. (Inhibit continuous access.) 
(iv) Minimize the noise by inserting noise bypass condenser between power supply and ground pin (Vec-Vsgs). 
(Insert noise bypass condenser as near HD146818 as possible.) 
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16-BIT MICROCOMPUTER 
HMCS68000 SERIES 


817 


HD68000-4,HD68000-6,HD68000-8; 


4H D68000 HD68000- 10, HD68000- 12 
HD68000Y (2880004 Hosaooave.uoee000vs) 
MPU (Micro Processing Unit) 


Advances in semiconductor technology have provided the 
capability to place on a single silicon chip a microprocessor at 
least an order of magnitude higher in performance and circuit 
complexity than has been previously available. The HD68000 
is one of such VLSI microprocessors. It combines rate-of-the-art 
technology and advanced circuit design techniques with ccm- 
puter sciences to achieve an architecturally advanced 16-bit 
microprocessor. 

The resources available to the HD68000 user consist of the 
following. 

As shown in the programming model, the HD68000 offers 
seventeen 32-bit registers in addition to the 32-bit program 
counter and a 16-bit status register. The first eight registers 
(DO-D7) are used as data registers for byte (8-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (AO-A6) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. All 17 registers may be used as index 
registers. 


— The specification for HD68000-10/-12 and HD68000 
Y4/Y6/Y8/Y 10/Y 12 are preliminary. — 


HD68000-4, HD68000-6, HD68000-8, 
HD68000-10, HD68000-12 


(DC-64) 


HD68000Y4, HD68000Y6, 
HD68000Y8, HD68000Y 10 
HD68000Y 12 


FEATURES 

32-Bit Data and Address Registers 

16 Megabyte Direct Addressing Range 

56 Powerful Instruction Types 

Operations of Five Main Data Types 

Memory Mapped |/O 

14 Addressing Modes 

Compatible with MC68000L4, MC68000L6, MC68000L8, 
MC68000L10 and MC68000L12 


“Y"' stands for Pin Grid 
Array Package. 


(PGA-68) 





# PROGRAMMING MODEL 
31 1615 87 


°o 


DO 

D1 

02 

O03 Eight 
D4 Recut 
05 

D6 


D7 


Sc 


31 1615 


AQ 
Al 


A2 Seven 

Address 
A3 Registers 
A4 


AS 
AG 


A7 Two Stack 





Pointers 
. i Program 
Laeawn mane Counter 
15 87 0 - 
tatus 
System Byte’ User Byte Register 
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= PIN ARRANGEMENT 


OO) 
LOKOO, 


(OHO) 


(e 


A) 
~ 


(9)(0) (0)(0) 


()(O){ 
ILO 


(}( 
©) 


ae 


©) 


HD68000 





(Top View) 
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® ABSOLUTE MAXIMUM RATINGS 











Supply Voltage -0.3 ~ +7.0 



























Input Voltage -0.3 ~ +7.0 Vv 
Operating Temperature Range 0~ +70 °C 
Storage Temperature -55 ~ +150 Cc 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LS). 


® RECOMMENDED OPERATING CONDITIONS 







Supply Voltage 












Input Voltage 








Operating Temperature 





* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5V +5%, Vsg = OV, Ta = 0 ~ +70°C, Fig. 1, 2, 3, unless otherwise noted.) 























































































Item Test Condition min typ max | Unit 
Input “High” Voltage 2.0 _ Vec Vv 
Input “Low” Voltage 
BERR, BGACK, BR, DTACK, 
Input Leakage Current Ui Lo~IPL,, VPA, CLK @5.25V 
HALT, RES 
AS, A; ~A23, Do ~ Dis, 
Thies State (Off State) | eG. Fes, L toe’ RW UDS, @2.4V/0.4V 
Input Current VMA 
AS, Ai ~A23, BG, Do ~Dis, 
FCo ~FC,, LDS, R/W, UDS, 
Output “High” Voltage VMA a MW Vou lon = -400HA 
HALT lor =1.6mA 
Output “Low” Voltage A, ~A23, BG, FCo ~FC, Vor lor =3.2mA 
RES lot =5.3mA 
AS, Do ~ Dis, LDS, R/W, E, 7 
UDS, VMA Lo aema 
Power Dissipation Py f = 8MHz 
Capacitance (Package Type Dependent) Cin Vin Sprite Ta= 25 C, - 10.0 | 20.0 pF 
* With external pull up register of 470 Q 
+5 V 
+5V +5V 
1820744. = 74082 
Test E a / 
9102 2.9k2 Point quivalent 
RES HALT 
Ct 182074 () 
or 
7 30pF 70pF Equivalent 
C,. = 130 pF (Includes all Parasitics) 
Figure 1 RES Test Load Figure 2 HALT Test Load R= 6.0k2 for AS, A, ~A,,, BG, Dy ee ' 


FC,~Fc,, CDS, R/W, UDS, VM 
*R = 1.22 k2 for A, ~A,,,BG,E, FC, en 


Figure 3 Test Loads 
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@ AC CHARACTERISTICS (Vcc = 5.0V 15%, Vgg = OV, Ta =0 ~ +70°C, unless otherwise noted.) 


822 




























































































































































































































ee Se aes Mien 
Number Item Symbol Geer eal tees THDBROOOE | | HOBEGOOE, | HOBBOOE TO", | HOBEOOO TZ”) Unit 
Fri | max {min | max [min | max | min | max] min | max 
Frequency of Operation f | 2.0 | 4.0 | 2.0 | 6.0 | 2.0 | 8.0 | 2.0 | 10.0] 2.0 | 12.5| MHz 
@__| Clock Period tye [260] 609 | 167 [600 | 125 [500] 100600 | 60 [500 | ns 
@ | Clock Width “Low” tCL |116 | 250| 75 | 250] 55 | 250] 45 | 250 35 | 250| ns 
@ | Clock Width “High” tCH / 115 | 75 | 250} 55 | 250| 45 | 250] 35 | 250| ns 
@_| Clock Fall Time tc P—[o{— fof -]rot-[o]-|s [os 
Clock “Low” to Address | - | 90] - | 8o[ — | 70] - | 56 [ — | 55 / ns 
Clock “High” to FC Valid tCHFCV | - [90] ~ [| 80] - | 8o| — | 60] — | 58 ns 
® Clock “High” to Adprese(ete High re | 1901 = 1400. =-|-860'| =) 76] -= 160 » 
Impedance (Maximum) 
Clock “High” to Address FC Invalid (Minimum) tCHAZn fo|/-{/of-[o]-j|o,]-] 0] -] ns 
@®' | Clock “High” to AS, DS “Low” (Maximum) | tcHSLx | — | 80 | — | 70 | — | 60] — | 55] - | 55] ns 
Clock “High” to AS, DS“ Low ”(Minimum) | tcHSLn Fo[-j{of-][of[-[o[-] 0] ~ ns 
@)? | Address to AS, DS (Read) “Low” /AS Write | tavsL | 55 | — | 35] — | 30] ~|20;/—-] oj; - ns 
1A)? | FC Valid to AS, DS (Read) “Low” /AS Write | tecvSL | so | — | 70] — | 60] — | 50[ —- | 40] — | ns 
1 | Clock “Low” to AS, DS “High” tCLSH | — | 90 | — | so] - | 70| — | 55] — | 50] ns 
@? | AS, DS “High” to Address/FC Invalid tSHAZ | 60] — | 40] - | 30] — [.20] - | 10] ~ | ns 
*,5| AS, DS Width “Low” (Read)/AS Write —_| tg. |535| — [337] — | 240] - [195] — [160] — | ns 
@? | AS, DS Width “High” tSH 285; — [180/ — [150/ — [105/ - [65 | — | ns 
Clock “High” to AS, DS High Impedance | tcHsz | — | 120| -- |100| — | 80] — | 70] — | 60] ns 
@? | AS, DS “High” to R/W “High” tSHRH | 60 | ~ | 50/ - | 40] — | 20/ - | 10] —] os 
@' | Clock “High” to R/W “High” (Maximum) | tCHRHx | - | 90} — | 80] — | 70] — | 60] — | 60] ns 
Clock “High” to R/W “High” (Minimum) | tcHRHn }o}-{[of{-[o][-|o;-]o] -{ os 
' | Clock “High” to R/W “Low” tCHRL : | — | 90 | — | 80} — | 70] - | 60 | — | 60 ns 
@)? | Address Valid to R/W “Low” tAVRL | a Thy 7 |; 45] — | 25/ -|}20;| —-; 0 | —|o] - ns 
@1A)? | FC Valid to R/W “Low” tECVRL | 80 | — | 70] — | 60} — [| 50] — | 30| — | nos 
@? | R/W “Low” to DS “Low” (Write) tRLSL | 200] — | 140 80} — | 50] - | 30] — ns 
@ | Clock “Low” to Data Out Valid tCLDO | — | 90] - | 80; — | 70/ - | 55] ~ | 55[ ns 
@? | DS “High” to Data Out Invalid tSHDO | 60 | — | 40 | — | 30/ — | 20] — | 15 sa ns 
@? | Data Out Valid to DS “Low” (Write) tDOSL | 55 | - | 35 30 20 15 ns 
@§ | Data In to Clock “Low” (Setup Time) tDICL | 30 | - | 25 |. | 1s 1] — | 15 ns 
@3? | AS, DS “High” to DTACK “High” tSHDAH o |160/ 0 |120; 0 | 90] 0 | 70] ns 
@ | DS “High” to Data Invalid (Hold Time) tSHDI st Gs 0 Oo 7 0 a ns 
@ | AS, DS “High” to BERR “High” tSHBEH | 0 | - oj}; - |] 0 ce) Oo} — ns 
~~ @2,6] DTACK “Low” to Data In (Setup Time] tDALDI 180 — |120] - |9o0] — | 65 | — | 50] ns 
@ | HALT and RES Input Transition Time tRHrf 200] 0 |200|} 0 | 200; O | 200] O | 200] -ns 
@ | Clock “High” to BG “Low” tCHGL 90 ; — ; 80! — | 70 lee 60 | -- | 50 ns 
@ | Clock “High” to BG “High” tCHGH 90 | — | 80 | - | 70 60 50 | ns 
@ | BR “Low” to BG “Low” tBRLGL 3.0/1.5 | 3.01 15|3.0|1.5| 3.0 | 1.5 | 3.0 (Chk Per. 
‘BR “High” to BG “High” tBRHGH 3.0/ 1.5/3.0] 1.5 |) 3.0] 1.5 | 3.0! 1.5 | 3.0 |Clk.Per. 
@) | BGACK “Low” to BG “High” tGALGH 3.0; 1.5 | 3.0 3.0|15|3.0/ 1.5 | 3.0 [Clk Per. 
BG “Low” to Bus High Impedance 
@ (With AS “High’} tz 120} — | 100 80 70 - | 60] ns 
BG Width “High" tGH 1.5 15 11.5 1.5 | T15!- |Cik Per. 
@ | BGACK Width “Low” tBGL 1.5 1.5 1.5 1.5] = | 1.5] -- |Clk.Per. 
@® ; Asynchronous Input Setup Time tasi 30 25 20 20 20 ns 
~@ | BERR “Low” to DTACK “Low” (Note 3) | tRELDAL 50 ~| 50 50 50 | ; 60 ns 
@} | Data Hold from Clock “High” tCHDO ie) 19) ce) 0 0 ns 
6 | RAW to Data Bus impedance Change tRLDO 55 35 30 20 10 rns 
@ | HALT ‘RES Pulse Width (Note 4) tHRPW 10 10 T 10; | 10 10 Clk.Per. 


* Preliminary 
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(to be continued) 





Number 


@/8/9/O1O|@|9|O|6|S/6|® 





Item 


Clock “High” to R/W, VMA High Impedance 
Clock “Low” to VMA “Low” 
Clock “Low” to E Transition 

E Output Rise and Fall Time 

VMA “Low” to E “High” 

AS, DS “High” to VPA “High” 

E “Low” to Address/VMA/FC Invalid 
E “Low” to AS, DS Invalid 

E Width “High” 

E Width “Low” 

E Extended Rise Time 

Data Hold from E “Low” (Write) 


* Preliminary 


(NOTES) 


1. 
2. 
3. 
4. 
5. 
6. 





Symbol 


tCHRZ 
tCLVML 
‘CLE 
tErf 
tVMLEH 
tSHVPH 
tELAI 
tELSI 
tEH 

tEL 
tClEHX 
tELDOZ 
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MHz Version Vinsion version Vernon 
Test HD68000-4 HO68000-6 HD68000-8 |HD68000-10° | HD68000-12 * : 
Condition | HD6g000Y4" | HD6s000Y6" | HDagooOvE* |HDEB000Y10" | HOsBd00v12*; Unit 
-rin [max] min [ max! min | max] min [ max min [ max 
) — {120} — | 100} — | 80} — | 70} — | 60] ns 
| — ; 90[/ — [ 8o| - | 70 | — | 70[ - | 70[ ns 
| — [100] — [a5 | — | 70] — | 55 [ - | 45 [ os 
|325| — |240] — | 200] — [150] ~ | 90] - | ns 
Fig. 45,| 0 [240] 0 | 160] 0 [120] 0 | 90] 0 | 70] ns 
Fig. 46 {55 | — | 38 | — | 30] — | 10] — | 10] - | ns 
|-80] — |-80/ — |-80] — [-s8o| — |-80/ - | ns 
|900} — [600] — | 450) — |350| - | 280] — | ns 
/1400] — | 900} — | 700]; — |550| — | 440] — | ns 
reo | — [ eo, - | eo | —]e0|- | 60) =| ns 
| 60 | — | 40] — | 30] — | 20; - | 15/ — | os 
































For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
Actual vaiue depends on clock period. 
\f #47 is satisfied for both DTACK and BERR, #48 may be O ns. 
After Voc has been applied for 100 ms. 
For the mask version 68000 #14 and #14A are one clock period less than the given number. 
If the asynchronous setup time (#47) requirements are satisfied, the DTACK low-to-data setup time (#31) requirement can be ignored. 
The data must only satisfy the data-in to clock-low setup time (#27) for the following cycle. 





Figure 4 


Input Clock Waveform 
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@ so $1 $2 $3 $4 $5 S6 $7 


A, ~ Aas 


LDS/UDS 


R/W 


FCo ~FC, 


Asynchronous 
Inputs 
(Note 1) 


HALT/RES 


BERR/BR 
(Note 2) 


DTACK 





Datain= mm eH ----—-----f— J 


(NOTES) 1. Setup time for the asynchronous inputs BGACK, IPLo ~ IPL, and VPA guarantees their recognition at the next falling edge of the clock. 
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 
3. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 5 Read Cycle Timing 
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CLK 


A: ~Aas 


R/W 


Data Out 


FCo is FC, 


Asynchronous 
Inputs 


HALT/RES 


DTACK 
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(NOTE) Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 6 Write Cycle Timing 
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Strobes 
and R/W 


‘BR 


BGACK 


CLK 








(NOTES) 1, Setup time for the asynchronous inputs BERR, BGACK, BR, DTACK, tPLo ~ IPL: , and VPA guarantees their recognition at the 
next falling edge of the clock. 
2. Waveform measurements for all inputs and outputs are specified at: logic high = 2.0 volts, logic low = 0.8 volts. 
3. These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are 
not intended as a functional description of the input an output signals. Refer to other functional descriptions and their related 
diagrams for device operation. 


Figure 7 AC Electrical Waveforms — Bus Arbitration 


® SIGNAL DESCRIPTION 

The following paragraphs contain a brief description of the 
input and output signals. A discussion of bus operation during 
the various machine cycles and operations is also given. 


@ SIGNAL DESCRIPTION 

The input and output signals can be functionally organized 
into the groups shown in Figure 8. The following paragraphs 
provide a brief description of the signals and also a reference 
(if applicable) to other paragraphs that contain more detail 
about the function being performed. 


Vcc (2) 







A,~A33 

D,~D,, 

Asynchronous 
Processor HD68000 Bus 
Status icroprocesso Control 


HMCS6800 Bus 
Peripherai Arbitration 
Control Control 


System Interrupt 
Control Control 


Figure 8 Input and Output Signals 


ADDRESS BUS (A, through A23) 

This 23-bit, unidirectional, three-state bus is capable of 
addressing 8 megawords of data. It provides the address for bus 
operation during all cycles except interrupt cycles. During 
interrupt cycles, address lines A,, Az, and A3 Provide infor- 
mation about what level interrupt is being serviced while address 
lines Aq through Ag3 are all set to a logic high. 


DATA BUS (Do through D,;) 

This 16-bit, bidirectional, three-state bus is the general 
purpose data path. It can transfer and accept data in either 
word or byte length. During an interrupt acknowledge cycle, 
an external device supplies the vector number on data lines 
Do er D, : 


ASYNCHRONOUS BUS CONTROL 

Asynchronous data transfer are handled using the following 
control signals: address strobe, read/write, upper and lower 
data strobes, and data transfer acknowledge. These signals 
are explained in the following paragraphs. 


Address Strobe (AS) 
This signal indicates that there is a valid address on the 
address bus. 


Read/Write (R/W) 

This signal defines the data bus transfer as a read or write 
cycle. The R/W signal also works in conjunction with the upper 
and lower data strobes as explained in the following paragraph. 
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Upper and Lower Data Strobes (UDS, LDS) 

These signals control the data on the data bus, as shown 
in Table 1. When the R/W line is high, the processor will read 
from the data bus as indicated. When the R/W line is low, the 
processor will write to the data bus as shown. 


Table 1 


High | — | No valid data 


* These conditions are a result of current implementation and may not 
appear on future devices. 


Data Strobe Control of Data Bus 













No valid data 
Valid data bits 
O~7 


Valid data bits 
O~7 







Low 







No valid data 







Valid data bits 
O~7 


Valid data bits 
O~7 
Valid data bits 
8 ~ 15* 












Data Transfer Acknowledge (DTACK) 

This input indicates that the data transfer is completed. 
When the processor recognizes DTACK during a read cycle, 
data is latched and the bus cycle terminated. When DTACK 
is recognized during a write cycle, the bus cycle is terminated. 

An active transition of data transfer acknowledge, DTACK, 
indicates the termination of a data transfer on the bus. 

If the system must run at a maximum rate determined by 
RAM access times, the relationship between the times at which 
DTACK and DATA are sampled are important. 

All control and data lines are sampled during the HD68000’s 
clock high time. The clock is internally buffered, which results 
in some slight differences in the sampling and recognition of 
various signals. HD68000 allow BERR or DTACK to be recog- 
nized in S4, S6, etc., which terminates the cycle*. The DTACK 
signal, like other control signals, is internally synchronized to 
allow for valid operation in an asynchronous system. If the 
required setup time (#47) is met during S4, DTACK will be 
recognized during SS and S6, and data will be captured during 
S6. The data must meet the required setup time (#27). 

If an asynchronous control signal does not meet the required 
setup time, it is possible that it may not be recognized during 
that cycle. Because of this, asynchronous systems must not 
allow DTACK to precede data by more than parameter #31. 

Asserting DTACK (or BERR) on the rising edge of a clock 
(such as S4) after the assertion of address strobe will allow 
a HD68000 system to run at its maximum bus rate. If setup 
times #27 and #47 are guaranteed, #31 may be ingnored. 


* The mask version 68000 allowed DTACK to be recognized as early 
as $2 (bus state 2). 














BUS ARBITRATION CONTROL 
These three signals form a bus arbitration circuit to deter- 
mine which device will be the bus master device. 
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Bus Request (BR) 

This input is wire ORed with all other devices that could 
be bus masters. This input indicates to the processor that 
some other device desires to become the bus master. 


Bus Grant (BG) 

This output indicates to all other potential bus master 
devices that the processor will release bus control at the end 
of the current bus cycle. 


Bus Grand Acknowledge (BGACK) 

This input indicates that some other device has become the 
bus master. This signal cannot be asserted until the following 
four conditions are met: 

(1) A Bus Grant has been received 

(2) Address Strobe is inactive which indicates that the 

microprocessor is not using the bus 

(3) Data Transfer Acknowledge is inactive which indicates 

that neither memory nor peripherals are using the bus 

(4) Bus Grant Acknowledge is inactive which indicates that 

no other device is still claiming bus mastership. 


INTERRUPT CONTROL (IPL, IPL,, IPL) 

These input pins indicate the encoded priority level of the 
device requesting an interrupt. Level seven is the highest priority 
while level zero indicates that no interrupts are requested. 
The least significant bit is given in IPLo and the most significant 
bit is contained in IPL2. 


SYSTEM CONTROL 

The system control inputs are used to either reset or halt 
the processor and to indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR) 

This input informs the processor that there is a problem 
with the cycle currently being executed. Problems may be a 
result of: 

(1) Nonresponding devices 

(2) Interrupt vector number acquisition failure 

(3) Illegal access request as determined by a memory man- 

agement unit 

(4) Other application dependent errors. 

The bus error signal interacts with the halt signal to deter- 
mine if exception processing should be performed or the current 
bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph 
for additional information about the interaction of the bus 
error and halt signals. 


Reset (RES) 

This bidirectional signal line acts to reset (initiate a system 
initialization sequence) the processor in response to an external 
reset signal. An internally generated reset (result of a RESET 
instruction) causes all external devices to be reset and the 
internal state of the processor is not affected. A total system 
reset (processor and external devices) is the result of external 
HALT and RESET signals applied at the same time. Refer to 
RESET OPERATION paragraph for additional information 
about reset operation. 


Halt (HALT) 
When this bidirectional line is driven by an external device, 
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it will cause the processor to stop at the completion of the 
current bus cycle. When the processor has been halted using 
this input, all control signals are inactive and all three-state lines 
are put in their high-impedance state. Refer to BUS ERROR 
AND HALT OPERATION paragraph for additional information 
about the interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, such 
as in a double bus fault condition, the halt line is driven by the 
processor to indicate to external devices that the processor has 
stopped. 


HMCS6800 PERIPHERAL CONTROL 

These control signals are used to allow the interfacing of 
synchronous HMCS6800 peripheral devices with the asynchro- 
nous HD68000. These signals are explained in the following 
paragraphs. 


Enable (E) 

This signal is the standard enable signal common to all 
HMCS6800 type peripheral devices. The period for this out- 
put is ten HD68000 clock periods (six clocks low; four clocks 
high). 


Valid Peripheral Address (VPA) 

This input indicates that the device or region addressed is 
a HMCS6800 family device and that data transfer should be 
synchronized with the enable (E) signal. This input also indi- 
cates that the processor should use automatic vectoring for an 
interrupt. Refer to INTERFACE WITH HMCS6800 PERIPHER- 
ALS. 


Valid Memory Address (VMA) 
This output is used to indicate to HMCS6800 peripheral 


devices that there is a valid address on the address bus and the 
processor is synchronized to enable. This signal only responds 
to a valid peripheral address (VPA) input which indicates that 
the peripheral is a HMCS6800 family device. 


PROCESSOR STATUS (FCo, FC,, FC2) 

These function code outputs indicate the state (user or 
supervisor) and the cycle type currently being executed, as 
shown in Table 2. The information indicated by the function 
code outputs is valid whenever address strobe (AS) is active. 


Table 2 Function Code Outputs 


FC, | FC, | FCo_| Cycle Type 
Low (Undefined, Reserved) 
__Low Low | High | User Data 


User Program 
(Undefined, Reserved) 


Low | High | Low 


Low | High | High _| 


High Low (Undefined, Reserved) 
High Superviser Data 


High | High | 
High | High | High _| 


CLOCK (CLK) 

The clock input is a TTL-compatible signal that is internally 
buffered for development of the internal clocks needed by the 
processor. The clock input shall be a constant frequency. 


Supervisor Program 
Interrupt Acknowledge 


SIGNAL SUMMARY 
Table 3 is a summary of all the signals discussed in the 
previous paragraphs. 


Table 3 Signal Summary 











Signal Name | Mnemonic —s|_—sinput/Output | Active State Three State 
Fess Bus [AAs output yes 
Data Bu ae oe ee 
Adres Strobe Sd eutputdtow ves 
Upper and Lower Data Swobet | UBS TBS | aut ——<~fSCitow <div 
Data Transfer Acknowledge DTACK | input | tow no 
Bus Request aR input twit 
Bus Grant a 
Bus Grant Acknowledge | BGACK | input S| tw | itt 
Interrupt Priority Level low no 
Bus error iow |e 
Reset | RES | input/output | low no" 
Halt HALT |__input/output_ | tow | _no* 
Enable ee ee no 
Valid Memory Address VMA | output | tow yes 
Valid Peripheral Address low no 
Function Code Output FCo, FC,, FC2 oO high yes 
Clock [ek input i no 
Ground a 
* Open drain 
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® REGISTER DESCRIPTION AND DATA ORGANIZATION 
The following paragraphs describe the registers and data 
organization of the HD68000. 


® OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, 
a word equals 16 bits, and a long word equals 32 bits. The 
operand size for each instruction is either explicitly encoded 
in the instruction or implicitly defined by the instruction 
operation. All explicit instructions support byte, word or long 
word operands. Implicit instructions support some subset of 
all three sizes. 


@ DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, 
or 32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 


DATA REGISTERS 

Each data register is 32 bits wide. Byte operands occupy 
the low order 8 bits, word operands the low order 16 bits, and 
long word operands the entire 32 bits. The least significant bit 
is addressed as bit zero; the most significant bit is addressed 
as bit 31. 

When a data register is used as either a source or destination 
operand, only the appropriate low-order portion is changed; 
the remaining high-order portion is neither used nor changed. 


ADDRESS REGISTERS 

Each address register and the stack pointer is 32 bits wide 
and holds a full 32 bit address. Address registers do not support 
byte sized operands. Therefore, when an address register is used 
as a source operand, either the low order word or the entire 
long word operand is used depending upon the operation size. 
When an address register is used as the destination operand, the 
entire register is affected regardless of the operation size. If the 
operation size is word, any other operands are sign extended 
to 32 bits before the operation is performed. 


@ STATUS REGISTER 

The status register contains the interrupt mask (eitht levels 
available) as well as the condition codes; extend (X), negative 
(N), zero (Z), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in a trace (T) mode and/or 
in a supervisor (S) state. 


Status Register 









System Byte User Byte 
mr 10 9 & 432 10 
NJ 
ENE WEBER 
Trace Mode Extend 
Supervisor Negative 
State Interrupt 


Mask Overflow 
Carry 


Unused, read as zero. 
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@ DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 9. The low order byte has an odd address that is one 
count higher than the word address. Instructions and multibyte 
data are accessed only on word (even byte) boundaries. If a 
long word datum is located at address n (n even), then the 
second word of that datum is located at address n + 2. 

The data types supported by the HD68000 are: bit data, 
integer data of 8, 16, or 32 bits, 32-bit addresses and binary 
coded decimal data. Each of these data types is put in memory, 
as shown in Figure 10. 


@ BUS OPERATION 

The following paragraphs explain contro! signal and bus 
operation during data transfer operations, bus arbitration, bus 
error and halt conditions, and reset operation. 


@® DATA TRANSFER OPERATIONS 

Transfer of data between devices involve the following leads: 

(1) Address Bus A, through A23 

(2) Data Bus Do through D,; 

(3) Control Signals 

The address and data buses are separate parallel buses used 
to transfer data using an asynchronous bus structure. In all 
cycles, the bus master assumes responsibility for deskewing 
all signals it issues at both the start and end of a cycle. In 
addition, the bus master is responsible for deskewing the ac- 
knowledge and data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle 
is the method used by the HD68000 for interlocked multi- 
processor communications. 


(NOTE) The terms assertion and negation will be used extensively. 
This is done to avoid confusion when dealing with a mixture 
of “active-low” and “‘active-high” signals. The term assert or 
assertion is used to indicate that a signal is active or true in- 
dependent of whether that voltage is low or high. The term 
negate or negation is used to indicate that a signal is inactive or 
false. 


Read Cycle 

During a read cycle, the processor receives data from memo- 
ry or a peripheral device. The processor reads bytes of data 
in all cases. If the instruction specifies a word (or double word) 
operation, the processor reads both bytes. When the instruction 
specifies byte operation, the processor uses an internal Ao bit to 
determine which byte to read and then issues the data strobe 
required for that byte. For bytes operations, when the Ao bit 
equals zero, the upper data strobe is issued. When the Ao bit 
equals one, the lower data strobe is issued. When the data is 
received, the processor correctly positions it internally. 

A word read cycle flow chart is given in Figure 11. A byte 
read cycle flow chart is given in Figure 12. Read cycle timing is 
given in Figure 13. Figure 14 details word and byte read cycle 
operations. Refer to these illustrations during the following 
detailed. 
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At state zero (SO) in the read cycle, the address bus (A; 
through A.3) is in the high impedance state. A function code 
is asserted on the function code output line (FCy through FC). 
The read/write (R/W) signal is switched high to indicate a read 
cycle. One half clock cycle later, at state 1, the address bus is 
released from the high impedance state. The function code 
outputs indicate which address space that this cycle will operate 
on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper and 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 





returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming is latched into an internal 
data bus holding register. 

During state 7, address strobe snd the upper and/or lower 
data strobes are negated. The address bus is held valid through 
state 7 to allow for static memory operation and signal skew. 
The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The 
slave device keeps its data asserted until it detects the negation 
of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer 
acknowledge within one clock period of recognizing the nega- 
tion of the address or data strobes. Note that the data bus might 
not become free and data transfer acknowledge might not be 
removed until state 0 or 1. 

When address strobe is negated, the slave device is released. 
Note that a slave device must remain selected as long as address 
Strobe is asserted to ensure the correct functioning of the read- 
modify-write cycle. 
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15 14 #+13 +#+12 ~+«+11 ~#«210 @9 8 7 6 5 4 3 2 1 O 


Word 000000 
Byte 000000 oN Byte 000001 


Word 000002 
Byte 000002 Byte 000003 


Word FFFFFE 
Byte FFFFFE Byte FFFFFF 





Figure 9 Word Organization in Memory 


Bit Data 
1 Byte = 8 Bits 
7 6 5 4 3 2 1 (0) 


(es ae 


Integer Data 








1 Byte = 8 Bits 

n n+1 
n+2 nt+3 

n n+1 
n+2 n+3 
nt+4 n+5 

1 Long Word = 32 Bits 
15 14 13 #12 #11 ~+#«210~«9 8 7 6 5 4 3 2 1 i@) 

n n+1 
n+2 Low Order n+3 
n+4 n+5 
nt+6 n+7 
nt8 n+9 

n+10 nt+1i 
Addresses 
1 Address = 32 Bits 
15 14 13 #12 +11 ~=«#10 9 8 7 6 5 4 3 2 1 ie) 
n MSB High Order n+1 
— — Address 0 
n+2 n+3 
nt+4 nt+5 
- — Address 1 
nt+6 n+7 
n+8 n+9 
-~—-Address 2.— ee mew eo 
n+10 n+11 





MSB = Most Significant Bit 


LSB = Least Significant Bit : : 
Decimal Data 


2 Binary Coded Decimal Digits = 1 Byte 
li 1 


n+2 





MSD = Most Significant Digit 
LSD = Least Significant Digit 


Figure 10 Data Organization in Memory 
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BUS MASTER SLAVE 


Address Device 
1) Set R/W to Read 
2) Place Function Code on FCo ~ FC2 
3) Place Address on A; ~ Aas 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 


| 


Input Data 
1) Decode Address 
2) Place Data on Do ~Dis 


3) Assert Data Transfer Acknowledge 


DTACK 


it 


Acquire Data 
1) Latch Data 
2) Negate UDS and LDS 
3) Negate AS. 


| 


Terminate Cycle 
1) Remove Data from Do ~ Dis 
2) Negate OTACK 





| 


Start Next Cycle 


Figure 11 Word Read Cycle Flow Chart 








BUS MASTER SLAVE 


Address Device 
1) Set R/Wto Read 
2) Place Function Code on FC) ~ FC, 
3) Place Address on A, ~ Aas 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) and Low- 
er Data Strobe (LDS) (based on Ao) 


| 


Jnput Data 
1) Decode Address 
2) Place Data on Do ~D, or Dg ~Dis5 (based 
on UDS or LDS) 
3) Assert Data Transfer Acknowledge 
(DTACK) 





| 


Acquire Data 
1) Latch Data 
2) Negate UDS or LDS 
3) Negate AS 


| 


Terminate Cycle 
1) Remove Data from Do ~D7 or Dg ~Dis 
2) Negate DTACK 


Start Next Cycle 





Figure 12 Byte Read Cycle Flow Chart 


SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO Si S2 S3 S4 w w w w SS S6 S7 




















j- ~ — — Read -- b+ — — — Write — —e[e—— — — — SlowRead— — - --+ 


Figure 13 Read and Write Cycle Timing Diagram 
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SO $1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 


tos / \ / \ / 


R/W 


DIAGR fF Nec Nee ef ON ee 
D.~01 _)——_{__———S CO 
i eS eae Sienna (ia 


*tnternal Signal Only 


| ---—- Word Read — ~ —---- -Odd Byte Read - - =f ~— Even Byte Read — —! 


Figure 14 Word and Byte Read Cycle Timing Diagram 


Write Cycle 

During a write cycle, the processor sends data to memory 
or a peripheral device. The processor writes bytes of data in 
all cases. If the instruction specifies a word operation, the pro- 
cessor writes both bytes. When the instruction specifies a byte 
operation, the processor uses an internal Ag bit to determine 
which byte to write and then issues the data strobe required 
for that byte. For byte operations, when the Ao bit equals zero, 
the upper data strobe is issued. When the Ag bit equals one, 
the lower data strobe is issued. A word write cycle flow chart is 
given in Figure 15. A byte write cycle flow chart is given in 
Figure 16. Write cycle timing is given in Figure 13. Figure 17 
details word and byte write cycle operation. Refer to these 
illustrations during the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (A, 
through A.3) is in the high impedance state. A function code is 
asserted on the function code output line (FC) through FC,). 


(NOTE) The read/write (R/W) signal remains high until state 2 to pre- 
vent bus conflicts with preceding read cycles. The data bus is 
not driven until state 3. 


One half clock later, at state 1, the address bus is released 
from the high impedance state. The function code outputs 
indicate which address space that this cycle will operate on. 

In state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. The memory 
or peripheral device uses the address bus and the address strobe 
to determine if it has been selected. During state 2, the read/ 
write signal is switched low to indicate a write cycle. When 
external processor data bus buffers are required, the read/write 
line provides sufficient directional control. Data is not asserted 
during this state to allow sufficient turn around time for ex- 
ternal data buffers (if used). Data is asserted onto the data bus 
during state 3. 

In state 4, the data strobes are asserted as required to indi- 
cate that the data bus is stable. The selected device uses the 


read/write signal and the data strobes to take its information 
from the data bus. The selected device asserts data transfer 
acknowledge (DTACK) when it has successfully stored the data. 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address and data buses are held 
valid through state 7 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 7 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper and/or lower data strobe. The slave device must 
remove its data transfer acknowledge within one clock period 
after recognizing the negation of the address or data strobes. 
Note that the processor releases the data bus at the end of state 
7 but that data transfer acknowledge might not be removed 
until state 0 or 1. When address strobe is negated, the slave 
device is released. 


Read-Modify-Write Cycle 

The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the 
same address. In the HD68000 this cycle is indivisible in that 
the address strobe is asserted throughout the entire cycle. The 
test and set (TAS) instruction uses this cycle to provide mean- 
ingful communication between processors in a multiple pro- 
cessor environment. This instruction is the only instruction that 
uses the read-modify-write cycle and since the test and set in- 
struction only operates on bytes, all read-modify-write cycles 
are byte operations. A read-modify-write cycle flow chart is 
given in Figure 18 and a timing diagram is given in Figure 19. 
Refer to these illustrations during the following detailed discus- 
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sions. 

At state zero (SO) in the read-modify-write cycle, the address 
bus (A, through Aj3) is in the high impedance state. A function 
code is asserted on the function code output line (FCo through 
FC,). The read/write (R/W) signal is switched high to indicate 
a read cycle. One half clock cycle later, at state 1, the address 
bus is released from the high impedance state. The function 
code outputs indicate which address space that this cycle will 
operate on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper or 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, the upper or lower data strobe is negated. 
The address bus, address strobe, read/write signal, and function 
code outputs remain as they were in preparation for the write 
portion of the cycle. The slave device keeps its data asserted 
until it detects the negation of the upper or lower data strobe. 
The slave device must remove its data and data transfer ac- 
knowledge within one clock period of recognizing the negation 
of the data strobes. Internal modification of data may occur 
from state 8 to state 11. 

(NOTE) The read/write signal remains high until state 14 to prevent bus 


conflicts with the preceding read portion of the cycle and the 
data bus is not asserted by the processor until state 15. 


In state 14, the read/write signal is switched low to indicate 
a write cycle. When external processor data bus buffers are 
required, the read/write line provides sufficient directional 
control. Data is not asserted during this state to allow sufficient 
turn around time for external data buffers (if used). Data is 
asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate 
that the data bus is stable. The selected device uses the read/ 
write signal and the data strobe to take its information from the 
data bus. The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored its data. 

Data transfer acknowledge must be present at the processor 
at the start of state 17 or the processor will substitute wait 
states for states 17 and 18. State 17 starts the synchronization 


of the returning data transfer acknowledge for the write portion 
of the cycle. The bus interface circuitry issues requests for 
subsequent internal cycles during state 18. 

During state 19, address strobe and the upper or lower data 
strobe is negated. The address and data buses are held valid 
through state 19 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 19 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove 
its data transfer acknowledge within once clock period after 
recognizing the negation of the address or data strobes. Note 
that the processor releases the data bus at the end of state 19 
but that data transfer acknowledge might not be removed until 
state O or 1. When address strobe is negated the slave device is 
released. 


@ BUS ARBITRATION 

Bus arbitration is a technique used by master-type devices 
to request, be granted, and acknowledge bus mastership. In its 
simples form, it consists of: 

(1) Asserting a bus mastership request. 

(2) Receiving a grant that the bus is available at the end of 

the current cycle. 

(3) Acknowledging that mastership has been assumed. 

Figure 20 is a flow chart showing the detail involved in a 
request from a single device. Figure 21 is a timing diagram 
for the same operations. This technique allows processing of 
bus requests during data transfer cycles. 

The timing diagram shows that the bus request is negated 
at the time that an acknowledge is asserted. This type of oper- 
ation would be true for a system consisting of the processor 
and one device capable of bus mastership. In systems having 
a number of devices capable of bus mastership, the bus request 
line from each device is wire ORed to the processor. In this 
system, it is easy to see that there could be more that one bus 
request being made. The timing diagram shows that the bus 
grant signal is negated a few clock cycles after the transition 
of the acknowledge (BGACK) signal. 

However, if the bus requests are still pending, the processor 
will assert another bus grant within a few clock cycles after 
it was negated. This additional assertion of bus grant allows 
external arbitration circuitry to select the next bus master 
before the current bus master has completed its requirements. 
The following paragraphs provide additional information about 
the three steps in the arbitration process. 
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BUS MASTER SLAVE BUS MASTER SLAVE 


Address Device 


1) Place Function Code on FCy ~ FC, 


Address Device 
Tat a ap 2) Place Address on A, ~ Aa3 


1) Place Function Code on FC, ~ FCz 3) Assert Address Strobe (AS) 
2) Place Address on A; ~ Aas 4) Set R/Wto Writ 
3) Assert Address strobe (AS) . idle . 
ais ‘ 5) Place Data on Do ~ Dz or Dg ~ Dis (according 
4) Set R/W to Write 
5) Place Data on Dp ~D to Ao) 
Be ee 6) Assert Upper Data Strobe (UDS) or Lower 
6) Assert Upper Data Strobe (UDS) and Data Strobe (CDS) (based on Ao) 


Lower Data Strobe (LDS) 


— 


input Data 
1) Decode Address 


| 


Input Data 
1) Decode Address 


3) Assert Data Transfer Acknowledge 


(DTACK) (DTACK) 


— 


Terminate Output Transfer 


Terminate Output Transfer 


hat om ener 1) Negate UDS and LDS 
9 2) Negate AS 


St: Remove Dats tran Do Bis 3) Remove Data from Dy ~ D, or Dg ~ Dis 


4) Set R/W to Read | 4) Set R/W to Read 


Terminate Cycle_ Terminate Cycle 
1) Negate DTACK 1} Negate DTACK 


| 


Start Next Cycle Start Next Cycle 


Figure 15 Word Write Cycle Flow Chart Figure 16 Byte Write Cycle Flow Chart 


SO S1 S2 $3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 SS SE S7 




















*Internal Signal Only 


| — — — Word Write - -— aa nee — -Odd Byte Write - —- — a — -Even Byte Write - — -+| 


Figure 17 Word and Byte Write Cycle Timing Diagram 
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BUS MASTER SLAVE 


Address Device 


1) Set R/W to Read 

2) Place Function Code on FCy ~ FC; 

3) Place Address on A; ~ A23 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) or 
Lower Data Strobe (LDS) 









Input Data 


1) Decode Address 

2) Place Dataon Do ~D, or Ds ~Dis 

3) Assert Data Transfer Acknowledge 
(DTACK) 













Acquire Data 


1) Latch Data 
2) Negate UDS or LDS 
3) Start Data Modification Terminate Cycle 


1) Remove Data from Do ~D, or Dg ~ Djs 


2) Negate DTACK 


Start Output Transfer 
1) Set R/W to Write 
2) Place Data on Do ~D7 or Dg ~Dis 
3) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 


Input Data 


1) Strobe Data on Do ~D, or Dg ~Dy5 
2) Assert Data Transfer Acknowledge 
(DTACK) 










Terminate Output Transfer 
1) Negate UOS or COS 
2) Negate AS 
3) Remove Data from Do ~ 07 or Ds ~ Dis 
4) Set R/W to Read 
_Terminate Cycle 
1) Negate DTACK 


SSS SSS SS 


Start Next Cycle 


Figure 18 Read-Modify-Write Cycle Flow Chart 


SO S1 S2 S3 S4 S5 S6 S7 SB S9S10S11S12S13S14S15S$16S17S18S19 
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Figure 19 Read-Modify-Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 


Request the Bus 
1) Assert Bus Request (BR) 


| 


Grant Bus Arbitration 
1) Assert Bus Grant (BG) 


Acknowledge Bus Mastership 

1) External arbitration determines next bus 
master 

2) Next bus master waits for current cycle to 
complete 

3) Next bus master asserts Bus Grant 
Acknowledge (BGACK) to become new 
master = 

4) Bus master negates BR 





| 


Terminate Arbitration 


1) Negate BG (and wait for BGACK to be 
negated) 


! 


Operate as Bus Master 


1) Perform Data Transfers (Read and Write 
cycles) according to the same rules the pro- 
cessor uses. | 


Release Bus Mastership 
1) Negate BGACK 


| 


Re-Arbitrate or Resume Processor 
Operation 


Figure 20 Bus Arbitration Cycle Flow Chart 
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Requesting the Bus 

External devices capable of becoming bus masters request 
the bus by asserting the bus request (BR) signal. This is a wire 
ORed signal (although it need not be constructed from open 
collector devices) that indicates to the processor that some 
external device requires control of the external bus. The pro- 
cessor is effectively at a lower bus priority level that the ex- 
ternal device and will relinquish the bus after it has completed 
the last bus cycle it has started. 

When no acknowledge is received before the bus request 
signal goes inactive, the processor will continue processing 
when it detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently. 


Receiving the Bus Grant — 

The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. 
The only exception to this occurs when the processor has made 
an internal decision to execute the next bus cycle but has not 
progressed far enough into the cycle to have asserted the address 
strobe (AS) signal. In this case, bus grant will not be asserted 
until one clock after address strobe is asserted to indicate to 
external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The 
processor is not affected by the external method of arbitration 
as long as the protocol is obeyed. 


Acknowledgement of Mastership 

Upon receiving a bus grant, the requesting device waits 
until address strobe, data transfer acknowledge, and bus grant 
acknowledge are negated before issuing its own BGACK. The 
negation of the address strobe indicates that the previous 
master has completed its cycle, the negation of bus grant 
acknowledge indicates that the previous master has released 
the bus. (While address strobe is asserted no device is allowed 
to “‘break into”’ a cycle.) The negation of data transfer acknowl- 
edge indicates the previous slave has terminated its connection 
to the previous master. Note that in some applications data 




















Processor — ~~ DMA Device -e —-— --— Processor - — — a mana ~- DMA Device - - - — 


Figure 21 Bus Arbitration Cycle Timing Diagram 


@ HITACHI 837 


HD68000,HD68000Y 


transfer acknowledge might not enter into this function. Gen- 
eral purpose devices would then be connected such that they 
were only dependent on address strobe. When bus grant ac- 
Knowledge is issued the device is bus master until it negates 
bus grant acknowledge. Bus grant acknowledge should not be 
negated until after the bus cycle(s) is (are) completed. Bus 
mastership is terminated at the negation of bus grant acknowl- 
edge. 

The bus request from the granted device should be drop- 
ped after bus grant acknowledge is asserted. If a bus request 
is still pending, another bus grant will be asserted within a few 
clocks of the negation of bus grant. Refer to Bus Arbitration 
Control section. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 


@® BUS ARBITRATION CONTROL 

The bus arbitration control unit in the HD68000 is im- 
plemented with a finite state machine. A state diagram of this 
machine is shown in Figure 22. All asynchronous signals to the 
HD68000 are synchronized’ before being used internally. This 
synchronization is accomplished in a maximum of one cycle 
of the system clock, assuming that the asynchronous input 
setup time (#47) has been met (see Figure 23). The input 
signal is sampled on the falling edge of the clock and is valid 
internally after the next falling edge. 

As shown in Figure 22, input signals labeled R and A are 
internally synchronized on the bus request and bus grant 


RA 





R = Bus Request Internal 

A = Bus Grant Acknowledge Internal 

G = Bus Grant 

T = Three-State Control to Bus Control Logic 
X = Don’t Care 


* State machine will not change state if bus is in SO. Refer to 
BUS ARBITRATION CONTROL for additional information. 


Figure 22 State Diagram of HD68000 Bus 
Arbitration Unit 





acknowledge pins respectively. The bus grant output is lebeled 
G and the internal three-state control signal T. If T is true, the 
address, data, function code line, and control buses are placed 
in a high-impedance state when AS is negated. All signals are 
shown in positive logic (active high) regardless of their true 
active voltage level. : 

State changes (valid outputs) occur on the next rising edge 
after the internal signal is valid. ‘ 

A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 24. The bus arbitration 
sequence while the bus is inactive (ie., executing internal 
operations such as a multiply instruction) is shown in Figure 25. 

If a bus request is made at a time when the MPU has already 
begun a bus cycle but AS has not been asserted (bus state SO), 
BG will not be asserted on the next rising edge. Instead, BG will 
be delayed until the second rising edge following it’s internal 
assertion. This sequence is shown in Figure 26. 


@ BUS ERROR AND HALT OPERATION 

In a bus architecture that requires a handshake from an ex- 
ternal device, the possibility exists that the handshake might not 
occur. Since different systems will require a different maximum 
response time, a bus error input is provided. External circuitry 
must be used to determine the duration between address strobe 
and data transfer acknowledge before issuing a bus error signal. 
When a bus error signal is received, the processor has two 
options initiate a bus error exception sequence or try running 
the bus cycle again. 


Internal Signal Valid 
External Signal kate | 
CLK 


BR (External) 


BR (Internal) 





Asychronous 
Input Delay* 


* This delay time is equal to parameter #33, tcHGL- 


Figure 23 Timing Relationship of External Asynchronous 
Inputs to Internal Signals 
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Bus released from three state and 
Processor starts next bus cycle 
BGACK negated internal 
BGACK sampled 
BGACK negated 


Bus three stated 
BG asserted 
BR valid interna! 


BR sampled 
BR asserted =] | 


SO S1 $2 S3 S4 S5 S6 S7 SO Si S2 S3 S4 S5 S6 S7 SO S!1 








































Do ~Dis cg — x » = = < Y 
Processor Alternate Bus Master Processor 


Figure 24 Bus Arbitration During Processor Bus Cycle 


Bus released from three state and processor starts next bus cycle 
BGACK negated 
BG asserted and bus three stated 


BR valid internal 
BR sampled 
BR asserted 









SO $1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 


Processor Bus Inactive Alternate Bus Master Processor 


Figure 25 Bus Arbitration with Bus Inactive 
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Bus released from three state and 
Processor starts next bus cycle 
BGACK negated internal 


BR asserted 
BR sampled 
Bus three stated 


BG asserted 
BR valid internal | 











SO $1 S2 S3 S4 SS S6 S7 


BGACK sampled 
BGACK negated a | 


SO S1 $2 S3 S4 S5 S6 S7 SO SI 





























Do ~Dis sess 
Processor Alternate Bus Master Processor 


Figure 26 Bus Arbitration During Processor Bus Cycle Special Case 


Exception Sequence 

When the bus error signal is asserted, the current bus cycle 
is terminated. If BERR is asserted before the falling edge of 
S4, AS will be negated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and address buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 27 is a timing diagram for the exception sequence. 
The sequence is composed of the following elements. 

(1) Stacking the program counter and status register 

(2) Stacking the error information 





(3) Reading the bus error vector table entry 

(4) Executing the bus error handler routine 

The stacking of the program counter and the status register 
is the same as if an interrupt had occurred. Several additional 
items are stacked when a bus error occurs. These items are used 
to determine the nature of the error and correct it, if possible. 
The bus error vector is vector number two located at address 
$000008. The processor loads the new program counter from 
this location. A software bus error handler routine is then 
executed by the processor. Refer to EXCEPTION PROCESS- 
ING for additional information. 
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Re-Running the Bus Cycle 

When, during a bus cycle, the processor receives a bus error 
signal and the halt pin is being driven by an external device, 
the processor enters the re-run sequence. Figure 28 is a timing 
diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains “halted,” and will not run another bus cycle until the 
halt signal is removed by external logic. Then the processor 
will re-run the previous bus cycle using the same address, the 
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same function codes, the same data (for a write operation), and 
the same controls. The bus error signal should be removed at 
least one clock cycle before the halt signal is removed. 


(NOTE) The processor will not re-run a read-modify-write cycle. This 
restriction is made to guarantee that the entire cycle runs cor- 
rectly and that the write operation of a Test-and-Set operation 
is performed without ever releasing AS. If BERR and HALT 
are asserted during a read-modify-write bus cycle, a bus error 
operation results. 








AS \ / : \ 
tDs/UDS ~—\ 2S ee 


R/W 


DTACK N \ 
Oe ee NN 


jae-Initiate 


Read 








Figure 28 Re-Run Bus Cycte Timing Information 
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The processor terminates the bus cycle, then puts the ad- 
dress, data and function code output lines in the high-impedance 
state. The processor remains “halted,” and will not run another 
bus cycle until the halt signal is removed by external logic. Then 
the processor will re-run the previous bus cycle using the same 
address, the same function codes, the same data (for a write 
operation), and the same controls. The bus error signal should 
be removed before the halt signal is removed. 


Halt Operation with No Bus Error 

The halt input signal to the HD68000 perform a Halt/Run/ 
Single-Step function in a similar fashion to the HMCS6800 
halt function. The halt and run modes are somewhat self ex- 
planatory in that when the halt signal is constantly active the 
processor “‘halts” (does nothing) and when the halt signal is 
constantly inactive the processor “runs” (does something). 

The single-step mode is derived from correctly timed transi- 
tions on the halt signal input. It forces the processor to execute 
a single bus cycle by entering the “run” mode until the pro- 
cessor starts a bus cycle then changing to the “‘halt’’ mode. 
Thus, the single-step mode allows the user to proceed through 
(and therefore debug) processor operations one bus cycle at a 
time. 

Figure 29 details the timing required for correct single-step 
operations. Some care must be exercised to avoid harmful 
interactions between the bus error signal and the halt pin 
when using the single cycle mode as a debugging tool. This 
is also true of interactions between the halt and reset lines 
since these can reset the machine. 

When the processor completes a bus cycle after recognizing 
that the halt signal is active, most three-state signals are put 
in the high-impedance state. These include: 

(1) Address lines 

(2) Data lines 





This is required for correct performance of the re-run bus 
cycle operation. 

While the processor is honoring the halt request, bus arbitra- 
tion performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function and the hardware trace capability allow 
the hardware debugger to trace single bus cycles or single in- 
structions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 


Double Bus Faults 

When a bus error exception occurs, the processor will at- 
tempt to stack several words containing information about 
the state of the machine. If a bus error exception occurs during 
the stacking operation, there have been two bus errors in a row. 
This is commonly referred to as a double bus fault. When a 
double bus fault occurs, the processor will halt. Once a bus 
error exception has occurred, any bus error exception occurring 
before the execution of the next instruction constitutes a dou- 
ble bus fault. 

Note that a bus cycle which is re-run does not constitute a 
bus error exception, and does not contribute to a double bus 
fault. Note also that this means that as long as the external 
hardware requests it, the processor will continue to re-run 
the same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input. The pro- 
cessor reads the vector table after a reset to determine the ad- 
dress to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a 
halted processor. 


jw — ——Read—- — — a —_—— —Halt— — — — > — —- —Read— ~ —> 


Figure 29 Halt Signal Timing Characteristics 
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+5V 


RUN/SINGLE STEP " 
Lo HALT 


(To Processor) 


* OPEN COLLECTOR 
DEVICE 


STEP 


"ai: AS (From Processor) 
~ RESET 


Figure 30 Simplified Single-Step Circuit 





® THE RELATIONSHIP OF DTACK, BERR, AND HALT 

In order to properly control termination of a bus cycle fora 
re-run or a bus error condition, DTACK, BERR, and HALT 
should be asserted and negated on the rising edge of the 
HD68000 clock. This will assure that when two signals are 
asserted simultaneously, the required setup time (#47) for 
both of them will be met during the same bus state. 

This, or some equivalent precaution, should be designed 
external to the HD68000. Parameter #48 is intended to ensure 
this operation in a totally asynchronous system, and may be 
ignored if the above conditions are met. 

The preferred bus cycle terminations may be summarized 
as follows (case numbers refer to Table 4): 

Normal Termination: DTACK occurs first (case 1). 

Halt Termination: HALT is asserted at same time, or 
precedes DTACK (no BERR) cases 2 and 3. 

Bus Error Termination: BERR is asserted in lieu of, at same 
time, or preceding DTACK (case 4); BERR negated at same 
time, or after DTACK. 

Re-Run Termination: HALT and BERR asserted at the 
same time, or before DTACK (cases 6 and 7); HALT must be 
negated at least 1 cycle after BERR. (Case 5 indicates BERR 























may precede HALT which allows fully asynchronous assertion).* 

Table 4 details the resulting bus cycle termination under 
various combinations of control signal sequences. The nega- 
tion of these same control signals under several conditions is 
shown in Table 5 (DTACK is assumed to be negated normal- 
ly in all cases; for best results, both DTACK and BERR should 
be negated when address strobe is negated.) 

Example A: A system uses a watch-dog timer to terminate 
accesses to un-populated address space. The timer asserts 
DTACK and BERR simultaneously after time-out. (case 4) 

Example B: A system uses error detection on RAM con- 
tents. Designer may (a) delay DTACK until data verified, and 
return BERR and HALT simultaneously to re-run error cycle 
(case 6), or if valid, return DTACK; (b) delay DTACK until 
data verified, and return BERR at same time as DTACK if 
data in error (case 4); (c) return DTACK prior to data verifica- 
tion, as described in previous section. If data invalid, BERR is 
asserted (case 1) in next cycle. Error-handling software must 
know how to recover error cycle. 








* For the mask version 68000, HALT and BERR must be asserted at 
the same time. 
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Table 4 DTACK, BERR, HALT Assertion Results 


Asserted on Rising 





Case No. | Control Signal Edge of State Result 
| oN | N+2 
A S 
1 NA x Normal cycle terminate and continue. 
NA Xx 
A S 
2 NA Xx Normal cycle terminate and halt. Continue when HALT removed. 
A S 
NA A 
3 NA NA Normal cycle terminate and halt. Continue when HALT removed. 
A S 
xX X 
4 A Ss Terminate and take bus error trap. 
NA NA 
NA X 
5 A S Terminate and re-run”. 
NA A 
Xx Xx 
6 A S Terminate and re-run. 
A S 
NA x 
7 NA A Terminate and re-run when HALT removed. 
A S 
Legend: * For the mask version 68000, unpredictable results, no re-run, no error 
N — The number of the current even bus state (e.g., S4, S6, etc.) trap; usually traps to vector number Q. 
A — Signal is asserted in this bus state 
NA — Signal is not asserted in this state 
X — Don't care 
S$  — Signal was asserted in previous state and remains asserted in this state 


Table 5 BERR and HALT Negation Results 


Conditions of Negated on Rising 
Termination in Control Signal Edge of State 
Tale 





@ RESET OPERATION 

The reset signal is a bidirectional signal that allows either the 
processor or an external signal to reset the system. Figure 31 
is a timing diagram for reset operations. Both the halt and reset 
lines must be applied to ensure total reset of the processor. 

When the reset and halt lines are driven by an external 
device, it is recognized as an entire system reset, including 
the processor. The processor responds by reading the reset 
vector table entry (vector unumber zero, address $000000) 
and loads it into the supervisor stack pointer (SSP). Vector 
table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes 
the status register to an interrupt level of seven. No other 


Results — Next Cycle 


Takes bus error trap. 

Illegal sequence; usually traps to vector number 0. 
Re-runs the bus cycle. 

May lengthen next cycle. 


If next cycle is started it will be terminated as a bus error. 


registers are affected by the reset sequence. 

When a RESET sequence is executed, the processor drives 
the reset pin for 124 clock pulses. In this case, the processor 
is trying to reset the rest of the system. Therefore, there is 
no effect on the internal state of the processor. All of the 
processor’s internal registers and the status register are un- 
affected by the execution of a RESET instruction. All external 
devices connected to the reset line should be reset at the com- 
pletion of the RESET instruction. 

Asserting the Reset and Halt pins for 10 clock cycles will 
cause a processor reset, except when Vcc is initially applied 
to the processor. In this case, an external reset must be applied 
for 100 milliseconds. 
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Plus S Volts 
Vec 

RES 

HALT 


pos r<4 


j< t > 100 Milliseconds —e| 


ety CC 


fut (1) 04 


(NOTES) 
1) Internal start-up time 4) PC High read in here 
2) SSP High read in here 5} PC Low read in here 


3) SSP Low read in here 6) First instruction fetched here. 


(2) (3) (4) (5) (6) 


Bus State Unknown: XOX 


All Control Signals Inactive. 
Data Bus In Read Mode: — 


Figure 31 Reset Operation Timing Diagram 


a PROCESSING STATES 

This section describes the HD68000 which are outside the 
normal processing associated with the execution of instructions. 
The functions of the bits in the supervisor portion of the status 
register are covered: the supervisor/user bit, the trace enable bit, 
and the processor interrupt priority mask. Finally, the sequence 
of memory references and actions taken by the processor on 
exception conditions is detailed. 

The HD68000 is always in one of three processing states: 
normal, exception, or halted. The normal processing state is 
that associated with instruction execution; the memory ref- 
erences are to fetch instructions and operands, and to store 
results. A special case of the normal state is the stopped state 
which the processor enters when a STOP instruction is exe- 
cuted. In this state, no further memory references are made. 

The exception processing state is associated with interrupts, 
trap instructions, tracing and other exceptional conditions. 
The exception may be internally generated by an instruction 
or by an unusual condition arising during the execution of 
an instruction. Externally, exception processing can be forced 
by an interrupt, by a bus error, or by a reset. Exception process- 
ing is designed to provide an efficient context switch so that 
the processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic 
hardware failure. For example, if during the exception pro- 
cessing of a bus error another bus error occurs, the processor 
assumes that the system is unusable and halts. Only an external 
reset can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 


PROCESSING STATES 






INSTRUCTION 
EXECUTION 
(INCLUDING STOP) 


INTERRUPTS 
TRAPS 
TRACING ETC. 


HARDWARE HALT 
DOUBLE BUS FAULT 








NORMAL 






EXCEPTION 










HALTED 


@ PRIVILEGE STATES 

The processor operates in one of two states of privilege: 
the “user” state or the “supervisor” state. The privilege state 
determines which operations are legal, is used by the external 
memory management device to control and translate accesses, 
and is used to choose between the supervisor stack pointer 
and the user stack pointer in instruction references. 

The privileges state is a mechanism for providing security 
in a computer system. Programs should access only their own 
code and data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing 
most programs to execute in user state. In this state, the ac- 
cesses are controlled, and the effects on other parts of the 
system are limited. The operating system executes in the super- 
visor state, has access to all resources, and performs the over- 
head tasks for the user state programs. 


SUPERVISOR STATE 

The supervisor state. is the higher state of privilege. For 
instruction execution, the supervisor state is determined by 
the S-bit of the status register; if the S-bit is asserted (high), 
the processor is in the supervisor state. All instructions can be 
executed in the supervisor state. The bus cycles generated by 
instructions executed in the supervisor state are classified as 
supervisor references. While the processor is in the supervisor 
privilege state, those instructions which use either the system 
stack pointer implicitly or address register seven explicitly 
access the supervisor stack pointer. 

All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor refer- 
ences. All stacking operations during exception processing use 
the supervisor stack pointer. 


USER STATE 

The user state is the lower state of privilege. For instruction 
execution, the user state is determined by the S-bit of the status 
register; if the S-bit is negated (low), the processor is executing 
instructions in the user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have im- 
portant system effects are made privileged. User programs 
are not permitted to execute the STOP instruction, or the 
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RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the 
instructions which modify the whole status register are privi- 
leged. To aid in debugging programs which are to be used as 
operating systems, the move to user stack pointer (MOVE 
USP) and move from user stack pointer (MOVE from USP) 
instructions are also privileged. 

The bus cycles generated by an instruction executed in 
user state are classified as user state references. This allows 
an external memory management device to translate the ad- 
dress and to control access to protected portions of the address 
space. While the processor is in the user privilege state, those 
instructions which use either the system stack pointer im- 
plicitly, or address register seven explicitly, access the use stack 
pointer. 


PRIVILEGE STATE CHANGES 

Once the processor is in the user state and executing instruc- 
tions, only exception processing can change the privilege state. 
During exception processing, the current setting of the S-bit 
of the status register is saved and the S-bit is asserted, putting 
the processing in the supervisor state. Therefore, when instruc- 
tion execution resumes at the address specified to process the 
exception, the processor is in the supervisor privilege state. 


USE R/SUPERVISOR MODES 


TRANSITION ONLY MAY OCCUR 
DURING EXCEPTION PROCESSING 





TRANSITION MAY BE MADE BY: 
RTE; MOVE, ANDi, EORI TO STATUS WORD 


REFERENCE CLASSIFICATION 

When the processor makes a reference, it classifies the kind 
of reference being made, using the encoding on the three func- 
tion code output lines. This allows external translation of ad- 
dresses, control of access, and differentiation of special pro- 
cessor states, such as interrupt acknowledge. Table 6 lists the 
classification of references. 


Table 6 Reference Classification 


Functi le t 
anetion Gods Outpy Reference Class 


FC2 
0 RO. PP Or (Unassigned) 
0 Oe ie ea User Data 
0 Paar a User Program 
0 La re (Unassigned) 
1 {0 | 0 | Wnassignea) 
1 or ae Supervisor Data 
1 / 1 | o | Supervisor Program 
1 eee Interrupt Acknowledge 





@ EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a tem- 
porary copy of the status register is made, and the status register 
is set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the 
current processor context. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS 

Exception vectors are memory locations from which the 
processor fetches the address of a routine which will handle 
that exception. All exception vectors are two words in length 
(Figure 32), except for the reset vector, which is four words. 
All exception vectors lie in the supervisor data space, except 
for the reset vector which is in the supervisor program space. 
A vector number is an eight-bit number which, when multiplied 
by four, gives the address of an exception vector. Vector num- 
bers are generated internally or externally depending on the 
cause of the exception. In the case of interrupts, during the 
interrupt acknowledge bus cycle, a peripheral provides an 8-bit 
vector number (Figure 33) to the processor on data bus lines Do 
through D,. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 34. The memory 
layout for exception vectors is given in Table 7. 

As shown in Table 7, the memory layout is 512 words 
long (1024 bytes). It starts at address 0 and proceeds through 
address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 
255, there are 192 reserved for user interrupt vectors. However, 
there is no protection on the first 64 entries, so user interrupt 
vectors may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS 

Exceptions can be generated by either internal or external 
causes. The externally generated exceptions are the interrupts 
and the bus error and reset requests. The interrupts are requests 
from peripheral devices for processor action while the bus 
error and reset inputs are used for access control and processor 
restart. The internally generated exceptions come from instruc- 
tions, or from address error or tracing. The trap (TRAP), trap 
on overflow (TRAPV), check register against bounds (CHK) 
and divide (DIV) instructions all can generate exceptions as 
part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, 
internally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE 

Exception processing occurs in four identifiable steps. In 
the first step, an internal copy is made of the status register. 
After the copy is made, the S-bit is asserted, putting the pro- 
cessor into the supervisor privilege state. Also, the T-bit is 
negated which will allow the exception handler to execute 
unhindered by tracing. For the reset and interrupt exceptions, 
the interrupt priority mask is also updated. 

In the second step, the vector number of the exception is 
determined. For interrupts, the vector number is obtained by 
a processor fetch, classified as an interrupt acknowledge. For 
all other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the address of 
the exception vector. 
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Word 0 AO=0, A1=0 


New Program Counter (High) 
New Program Counter (Low) 


Figure 32 Exception Vector Format 


Word 1 A0=0, A1t=1 





D15 08 D7. DO 
Where: 


v7 is the MSB of the Vector Number 
v0 is the LSB of the Vector Number 


Figure 33 Peripheral Vector Number Format 


A10 AQ A8 A7 AGB AS A4 AZ A2 Al AD 


Figure 34 Address Translated From 8-Bit Vector Number 


Table 7 Exception Vector Assignment 


ae aa 
Number(s) [Bee [Hex | Space signmen 


0 | oo =| oss] 





Reset: Initial SSP 
Reset: Initial PC 


2 | 8 | oo | Bus Error 

3 } 12, | oo | Address Error 

4 | 1% =| ow | Illegal Instruction 

5 20 ore Zero Divide 

6 [| 2 {| ow CHK Instruction 

7 | 28 | otc TRAPV Instruction 

8 | 32. | 020 | Privilege Violation 

9 | 36 | ozs Trace 

10 | 40 | o2 | Line 1010 Emulator 
11 | 44 =| ooze | Line 1111 Emulator 
12* | 48 | 030 | (Unassigned, reserved) 
13* | 52 [ om | (Unassigned, reserved) 
14* | 56 | 038 | (Unassigned, reserved) 
15 | 60s 03C Uninitialized Interrupt Vector 

16 ~ 23” a ae ee (Unassigned, reserved) 
95 OSF 
24 96 Spurious Interrupt 


N 
tor) 
—_ 
oO 
> 


28 112 070 
074 


nN 
o 
_ 
= 
ao 











n n ¢2) NIN no ” 


Level 1 interrupt Autovector 
Level 2 Interrupt Autovector 
Level 3 Interrupt Autovector 
Level 4 Interrupt Autovector 
Level 5 Interrupt Autovector 


30 | 120 | o7 | Level 6 Interrupt Autovector 
31 124 07C Level 7 Interrupt Autovector 
080 
192 oco ; 
48 ~ 63* [255 | OFF | (Unassigned, reserved) 
64 ~ 255 | User Interrupt Vectors 


SP: Supervisor program, SD: Supervisor data 


* Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Hitachi. 


No user peripheral devices should be assigned these numbers. 
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The third step is to save the current processor status, ex- 
cept for the reset exception. The current program counter 
value and the saved copy of the status register are stacked 
using the supervisor stack pointer. The program counter value 
stacked usually points to the next unexecuted instruction, 
however for bus error and address error, the value stacked 
for the program counter is unpredictable, and may be incre- 
mented from the address of the instruction which caused the 


Copy Status 
Register 
within the 






Set Mask 
Bits to 
Interrupt 
Level 






rupt Ex- 
ception 
? 















Internally 
Ganerated 
Vector No. 








Obtain Auto 
Vector Number 
from Interrupt 
Level 


Vector No, 
x4e 
Vector Address 










Stack Program Address 


Counter and or Bus Er- 
Copied Status ror Oc- 
Register curs 


? 







Bus 
Error or 
illegal Ad- 
dress Ex- 
sepvion 





Stack Instruc- 
tion Register, Bus 
Address and Su- 
per Status Word 







Fetch Vector 
Address 
Contents 


Put Data 
in PC 








iHegal 





Address 
Content or Bus Error 
Occurs 
? 
Fetch PC+2 No 
Contents 


fllegal 
Address 
or Bus Error 
Occurs 





No 


Obtain Vector 


















error. Additional information defining the current context is 
stacked for the bus error and address error exceptions. 

The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The pro- 
cessor then resumes instruction execution. Then instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 











Number from 
An External 
Device 























Force Spurious 
Interrupt Vector 
Internally 











2nd 

Time (Oth- 
er than 

Seuriouy 



















Double 
Bus 
Fault 


Yes 






Pre- 
vious H+ 
legal Ad- 
dress or Bus 
Error has 
Occurred 
(Not Spur- 
ious) 
? 






















Figure 35 Exception Processing Sequence (Not Reset) 
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MULTIPLE EXCEPTIONS 

These paragraphs describe the processing which occurs 
when multiple exceptions arise simultaneously. Exceptions 
can be grouped according to their occurrence and priority. The 
Group O exceptions are reset, bus error, and address error. 
These exceptions cause the instruction currently being executed 
to be aborted, and the exeception processing to commence 
within two clock cycles. The Group 1 exceptions are trace and 
interrupt, as well as the privilege violations and illegal instruc- 
tions. These exceptions allow the current instruction to execute 
to completion, but preempt the execution of the next instruc- 
tion by forcing exception processing to occur (privilege viola- 
tions and illegal instructions are detected when they are the 
next instruction to be executed). The Group 2 exceptions 
occur as part of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide exceptions are in this 
group. For these exceptions, the normal execution of an instruc- 
tion may lead to exception processing. 

Group 0 exceptions have highest priority, while Group 2 
exceptions have lowest priority. Within Group 0, reset has 


highest priority, followed by address error and then bus error. 


Within Group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and privi- 
lege violation. Since only one instruction can be executed at 
a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines 
which is taken, or taken first, if the conditions for both arise 
simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing is aborted. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T-bit is asserted, the trace exception has priority, 
and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruc- 
tion processing commences finally in the interrupt handler 
routine. A summary of exception grouping and priority is given 
in Table 8. 


Table 8 Exception Grouping and Priority 





Group Processing 
0 nie Efror Exception processing begins 
within two clock cycles. 

Bus Error 
Trace | 

1 Interrupt Exception processing begins 

: Iegal before the next instruction 
Privilege 

















TRAP, TRAPV 
CHK, 
Zero Divide 


Exception processing is started by 
normal instruction execution 
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RECOGNITION TIMES OF EXCEPTIONS, 
HALT, AND BUS ARBITRATION 


END OF ACLOCK CYCLE 
RESET 


END OF A BUS CYCLE 
ADDRESS ERROR 
BUS ERROR 
HALT 
BUS ARBITRATION 


END OF AN INSTRUCTION CYCLE 
TRACE EXCEPTION 
INTERRUPT EXCEPTIONS 
ILLEGAL INSTRUCTION 
UNIMPLEMENTED INSTRUCTION 
PRIVILEGE VIOLATION 


WITHIN AN INSTRUCTION CYCLE 
TRAP, TRAPV 
CHK 
ZERO DIVIDE 


@ EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception 
has processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 


RESET 

The reset input provides the highest exception level. The 
processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in pro- 
gress at the time of the reset is aborted and cannot be recovered. 
The processor is forced into the supervisor state, and the trace 
state is forced off. The processor interrupt priority mask is set 
at level seven. The vector number is internally generated to 
reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made about 
the validity of register contents, in particular the supervisor 
stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the 
reset exception vector is fetched as the initial program counter. 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed 
to by the initial program counter. 

The RESET instruction does not cause loading of the reset 
vector, but does assert the reset line to reset external devices. 
This allows the software to reset the system to a known state 
and then continue processing with the next instruction. 
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Ss>1 
T>0 
Mask Bits > 7 
Fetch bs aes 
Vector Bus erro 
No. 0 ¥ uy 


Occurs 
? 


Contents of 
Vector No. 0 
— Stack Pointer 


Fetch 


veer Bus Error 


Occurs, 


Contents of 
Vector No. 1 
>PC 


Fetch PC 
Contents 


Bus Error 
Occurs 
? 


No 


Fetch PC +2 
Contents Bus Error 


Occur 
? 






No 












Yes Double 
Bus C eno) 


Fault 












to Address Error or Bus Error Exception Processing 


Figure 36 Reset Exception Processing 


INTERRUPTS 

Seven levels of interrupt priorities are provided. Devices 
may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to inter- 
rupt the processor. Interrupt priority levels are numbered 
from one to seven, level seven being the highest priority. The 
Status register contains a three-bit mask which indicates the 
current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request lines; a 
zero indicates no interrupt request. Interrupt requests arriving 
at the processor do not force immediate exception processing, 


but are made pending. Pending interrupts are detected between 
instruction executions. If the priority of the pending interrupt 
is lower than or equal to the current processor priority, exe- 
cution continues with the next instruction and the interrupt 
exception processing is postponed. (The recognition of level 
seven is slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence 
is started. First a copy of the status register is saved, and the 
privilege state is set to supervisor, tracing is suppressed, and 
the processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number 
from the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of 
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the interrupt being acknowledged on the address bus. If external 
logic requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then 
proceeds with the usual exception processing, saving the pro- 
gram counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruc- 
tion which would have been executed had the interrupt not 
been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the 
program counter, and normal instruction execution commences 
in the interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 37, a timing diagram 
is given in Figure 38, and the interrupt exception timing se- 
quence is shown in Figure 39. 


Table 9 Internal Interrupt Level 





(NOTE) The internal interrupt mask level (12, 11, 10) are inverted to the 
togic level applied to the pins (TPL; , IPL, , IPL). 
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PROCESSOR INTERRUPTING DEVICE 


Request Interrupt 


| 


Grant Interrupt 

1) Compare interrupt level in status register 

and wait for current instruction to complete 
2) Place interrupt level on Ai, Az, As 
3) Set R/W to read 
4) Set function code to interrupt acknowledge 
5) Assert address strobe (AS) 
6) Assert tower data strobe (LDS) 


| 


Provide Vector Number 


1) Place vector number of Dy ~ D, 
2) Assert data transfer acknowledge (DTACK) 


| 


Acquire Vector Number 
1) Latch vector number 
2) Negate LDS 
3) Negate AS 


J 


Release 
1) Negate DTACK 





Start Interrupt Processing 


Figure 37 Interrupt Acknowledge Sequence 
Flow Chart 


Aa ~ Aas 


Last Bus Cycle of Instruction Stack 











tACK Cycle 4 Clocks Stack and 


| (Read or Write) Idle PCL (Vector Number Acquisition) ! Idle Vector Fetch 
(SSP) 


Figure 38 Interrupt Acknowledge Sequence Timing Diagram 
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Last Bus Cycle 
of Instruction 


(During Which Cycle 
Interrupt Was 
Recognized) 


Read Read 
Vector 
High Low 
(Ao ~ Ais) 


Vector 


(Are ~ Aaa) 


|ACK 


(Vector Number 
Acquisition) 


Fetch First Word 
of Instruction 
of Interrupt 
Routine 





Figure 39 Interrupt Exception Timing Sequence 


Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus pro- 
viding a ‘‘non-maskable interrupt” capability. An interrupt is 
generated each time the interrupt request level changes from 
some lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by an 
instruction. 


UNINITIALIZED INTERRUPT 

An interrupting device asserts VPA or provides an interrupt 
vector during an interrupt acknowledge cycle to the HD68000. 
If the vector register has not been initialized, the responding 
HMCS68000 Family peripheral will provide vector 15, the 
unitialized interrupt vector. This provides a uniform way to 
recover from a programming error. 


SPURIOUS INTERRUPT 

If during the interrupt acknowledge cycle no device responds 
by asserting DTACK or VPA, the bus error line should be assert- 
ed to terminate the vector acquisition. The processor separates 
the processing of this error from bus error by fetching the 
spurious interrupt vector instead of the bus error vector. The 
processor then proceeds with the usual exception processing. 


INSTRUCTION TRAPS 

Traps are exceptions caused by instructions. They arise 
either from processor recognition of abnormal conditions 
during instruction execution, or from use of instructions whose 
normal behavior is trapping. 

Some instructions are used specifically to generate traps. 
The TRAP instruction always forces an exception, and is useful 
for implementing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow 
or a subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) in- 
structions will force an exception if a division operation is 
attempted with a divisor of zero. 


tLLEGAL AND UNIMPLEMENTED INSTRUCTIONS 

Illegal instruction is the term used to refer to any of the 
word bit patterns which are not the bit pattern of the first 
word of a legal instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs, 


Word patterns with bits 15 through 12 equaling 1010 or 
1111 are distinguished as unimplemented instructions and 
separate exception vectors are given to these patterns to per- 
mit efficient emulation. This facility allows the operating 
system to detect program errors, or to emulate unimplemented 
instructions in software. 


ILLEGAL INSTRUCTION EXAMPLE 
MOVE DO, #$1000 


MOVE OP WORD 


0011 100111 000 000 

MOVE IMMEDIATE DATA REGISTER 

WORD REGISTER NUMBER 
DIRECT “oO” 


PRIVILEGE VIOLATIONS 

In order to provide system security, various instructions 
are privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. 
The privileged instruction are: 


STOP AND (word) Immediate to SR 
RESET EOR (word) Immediate to SR 
RTE OR (word) Immediate to SR 
MOVE toSR MOVE USP 

TRACING 


To aid in program development, the HD68000 includes 
a facility to allow instruction by instruction tracing. In the 
trace state, after each instruction is executed an exceptions 
is forced, allowing a debugging program to monitor the exe- 
cution of the program under test. 

The trace facility uses the T-bit in the supervisor portion 
of the status register. If the T-bit is negated (off). tracing is 
disabled, and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is 
completed. If the instruction is not executed. either because 
an interrupt is taken, or the instruction is illegal or privileged, 
the trace exception does not occur. The trace exception also 
does not occur if the instruction is aborted by a reset, bus 
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error, or address error exception. If the instruction is indeed ex- 
ecuted and an interrupt is pending on completion, the trace 
exception is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that 
instruction, the forced exception is processed before the trace 
exception. 

As an extreme illustration of the above rules, consider the 
arrival of an interrupt during the execution of a TRAP instruc- 
tion while tracing is enabled. First the trap exception is pro- 
cessed, then the trace exception, and finally the interrupt ex- 
ception. Instruction execution resumes in the interrupt handler 
routine. 


TRACE MODE 
iFT=1 


STATUS REGISTER 


AFTER EACH 
INSTRUCTION 










MAIN 
PROGRAM 


RETURN TO 
EXECUTE 
NEXT 
INSTRUCTION 


TRACE 
PROGRAM 


ADDRESS OBTAINED 
FROM VECTOR TABLE 


= 


If, upon completion of an instruction, T = 1, 
go to trace exception processing. 

Execute trace exception sequence. 

Execute trace service routine. 

At the end of the service routine, execute 
return from exception (RTE). 


kwWN 


BUS ERROR 

Bus error exceptions occur when the external logic requests 
that a bus error be processed by an exception. The current bus 
cycle which the processor is making is then aborted. Whether 
the processor was doing instruction or exception processing, 
that processing is terminated, and the processor immediately 
begins exception processing. 

Exception processing for bus error follows the usual se- 
quence of steps. The status register is copied, the supervisor 
state is entered, and the trace state is turned off. The vector 
number is generated to refer to the bus error vector. Since the 
processor was not between instructions when the bus error 
exception request was made, the context of the processor is 
more detailed. To save more of this context, additional infor- 
mation is saved on the supervisor stack. The program counter 
and the copy of the status register are of course saved. The value 
saved for the program counter is advanced by some amount, 
two to ten bytes beyond the address of the first word of the 
instruction which made the reference causing the bus error. If 
the bus error occurred during the fetch of the next instruction, 
the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction is a branch, 
a jump, or a return instruction. Besides the usual information, 
the processor saves its internal copy of the first word of the 
instruction being processed, and the address which was being 
accessed by the aborted bus cycle. Specific information about 
the access is also saved: whether it was a read or a write, wheth- 
er the processor was processing an instruction or not, and the 
classification displayed on the function code outputs when 
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the bus error occurred. The processor is processing an instruc- 
tion if it is in the normal state or processing a Group 2 excep- 
tion; the processor is not processing an instruction if it is pro- 
cessing a Group 0 or a Group 1] exception. Figure 40 illustrates 
how this information is organized on the supervisor stack. 
Although this information is not sufficient in general to effect 
full recovery from the bus error, it does allow software diag- 
nosis. Finally, the processor commences instruction processing 
at the address contained in the vector. It is the responsibility 
of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a 
bus error, address error, or reset, the processor is halted, and 
all processing cases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the 
RESET pin can restart a halted processor. 


ADDRESS ERROR 

Address error exceptions occur when the processor attempts 
to access a word or a long word operand or an instruction at 
an odd address. The effect is much like an internally generated 
bus error, so that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins 
exception processing. After exception processing commences, 
the sequence is the same as that for bus error including the 
information that is stacked, except that the vector number 
refers to the address error vector instead. Likewise, if an address 
error occurs during the exception processing for a bus error, 
address error, or reset, the processor is halted. As shown in 
Figure 42, an address error will execute a short bus cycle follow- 
ed by exception processing. 


= INTERFACE WITH HMCS6800 PERIPHERALS 

Hitachi’s extensive line of HMCS6800 peripherals are di- 
rectly compatible with the HD68000. Some of these devices 
that are particularly useful are: 


HD6821 Peripheral Interface Adapter 

HD6843 Floppy Disk Controller 

HD6845S_ CRT Controller 

HD46508 — Data Acquisition Unit 

HD6850 Asynchronous Communication Interface 
Adapter 

HD6852 Synchronous Serial Data Adapter 


To interface the synchronous HMCS6800 peripherals with 
the asynchronous HD68000, the processor modifies its bus 
cycle to meet the HMCS6800 cycle requirements whenever an 
HMCS6800 device address is detected. This is possible since 
both processors use memory mapped I/O. Figure 44 is a flow 
chart of the interface operation between the processor and 
HMCS6800 devices. 


@ DATA TRANSFER OPERATION 

Three signal on the processor provide the HMCS6800 inter- 
face. They are: enable (E), valid memory address (VMA), and 
valid peripheral address (VPA). Enable corresponds to the 
E or $2 signal in existing HMCS6800 systems. The bus fre- 
quency is one tenth of the incoming HD68000 clock frequency. 
The timing of E allows 1 MHz peripherals to be used with 
an 8 MHz HD68000. Enable has a 60/40 duty cycle; that 
is, it is low for six input clocks and high for four input clocks. 
This duty cycle allows the processor to do successive VPA ac 
cesses on successive E pulses. 

HMCS6800 cycle timing is given in Figure 45 and 46. At 
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Lower Address 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 (0) 
en 


High 
== Access Address = = ame am cue em ee cm ee om cme ere eee me ee te oe nee oe ee we ee ww ee ee ee 


Low 


Instruction Register 





Status Register 


High 


= —Program Counter=§==2 = eo mee eee Se Ree ee ee Se eee ee 


Low 


R/W (read/write): write = 0, read = 1. I/N (instruction/not): instruction = 0, not = 1 


Figure 40 Supervisor Stack Order (Group 0) 


Lower Address 


Higher Address 





Figure 41 Supervisor Stack Order (Group 1, 2) 


SO S1 S2 S3 S4 S&5 S6 $7 SO S1 S2 S3 S4 S5 S6 S7 so $1 S2 S3 S4 S5 


Aerr Approx. 8 Clocks : 
— -—— Read of fi fe Idle Write Stack —————»> 


Figure 42 Address Error Timing 


state zero (SO) in the cycle, the address bus is in the high- During state 2, the address strobe (AS) is asserted to in- 
impedance state. A function code is asserted on the function dicate that there is a valid address on the address bus. If the 
code output lines. One-half clock later, in state 1 the address bus cycle is a read cycle, the upper and/or lower data strobes 
bus is released from the high-impedance state. are also asserted in state 2. If the bus cycle is a write cycle, 
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Figure 43 Connection of HMCS6800 Peripherals 


the read/write (R/W) signal is switched to low (write) during 
state 2. One half clock later, in state 3, the write data is placed 
on the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the 
bus is the address of an HMCS6800 device (or an area reserved 
for HMCS6800 devices) and that the bus should conform to 
the @. transfer characteristics of the HMCS6800 bus. ‘Valid 
peripheral address is derived by decoding the address bus, 
conditioned by address strobe. __ 

After the recognition of VPA, the processor assures that 
the Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
HMCS6800 peripherals are selected and deselected at the 
correct time. The peripheral now runs its cycle during the 
high portion of the E signal. Figures 45 and 46 depict the best 
and worst case HMCS6800 cycle timing. This cycle length is 
dependent strictly upon when VPA is asserted in relationship 
to the E clock. 

During a read cycle, the processor latches the peripheral 
data in state 6. For all cycles, the processor negates the address 
and data strobes one half clock cycle later in state 7, and the 
Enable signal goes low at this time. Another half clock later, 
the address bus is put in the high-impedance state. During a 
write cycle, the data bus is put in the high-impedance state 
and the read/write signal is switched high. The peripheral logic 
must remove VPA within one clock after address strobe is 
negated. 

Figure 47 shows the timing required by HMCS6800 pe- 
ripherals, the timing specified for HDCS6800, and the corre- 
sponding timing for the HD68000. Two example systems with 
HMCS6800 peripherals are showin in Figures 48 and 49. The 
system in Figure 48 reserves the upper eight megabytes of 
memory for HMCS6800 peripherals. The system in Figure 49 
is more efficient with memory and easily expandable, but more 
complex. 

DTACK should not be asserted while VPA is asserted. 
Notice that the HD68000 VMA is active low, contrasted with 
the active high HMCS6800 VMA. This allows the processor 
to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 





PROCESSOR SLAVE 
Initiate Cycle 


1) The processor starts a normal Read or 
Write cycle 


| 


Define HMCS6800 Cycle 
1) External hardware asserts Valid Peripheral 
Address (VPA) 


| 


Synchronize With Enable 
1) The processor monitors Enable (E) until it is 
low (Phase 1) 
The processor asserts Valid Memory Address 
(VMA) 


2 


— 


| 


Transfer Data 


1) The peripheral waits until E is active and 
then transfers the data 


Terminate Cycle 
1) The processor waits until E goes low. (Ona 
Read cycle the data is latched as E goes 
low internally) 
2) The processor negates VMA 
A 


3) The processor negates AS, UDS, and LDS 


Start Next Cycle 





Figure 44 HMCS6800 Interface Flow Chart 
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(NOTE) This figure represents the best case HMCS6800 timing where VPA falls before the third system clock cycle after the falling edge of E. 


Figure 45 HMCS6800 Timing — Best Case 


SO $1S2 S3S4 w w w w w W Ww WWW iwWWwWwWwW WwWwWwW WWW Ww WwW Ww _w _w w S$5 S6 S87 SO 
CLK 


At ~ Aas 





VPA 


® 
VMA hl @ 
R/W all 
a 
Data In aaa 


a 
Read ll 











49 
R/W Write ¥ 
@ [a nn ee ) 
Data Out E | 
Uos/TBS | 
Write 


Figure 46 HMCS6800 Timing — Worst Case 
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HD68000 CLK | | | | |_| L_| LJ LJ LJ LJ LJ LJ LJ LJ = 
oe Ne es cee ees 
HMCS6800* Peripheral* 
150 ns Type B 70 ns Type B HMCS6800 E Clock Freq. Type 
180 ns Type A 140 ns Type A 2.0 MHz B 
270 ns: Std 140 ns 


Std 1.5 MHz A 
HMCS6800 VMA, R/W | | 1.0 MHz Std 


ma peal ns HMCS6800* Peripheral* 
10 ns Peripheral * Type B 180 ns = 10 ns HMCS6800* 
Type A 220 ns 10 ns Peripheral 
Std 320 ns 


Peripheral* 
Type B 60 ns 
Type a 80 ns 
Std = ns 
HMCS6800 Write Data 


AS AN Li] 


HD68000 (8 MHz) 


j<— 200 ns—>} 
VMA WW 
somone LP Lt ee ee ee ee LaF iL Ley ae ces 


* Times are expressed for different device clock frequencies. 
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Figure 47 HD68000 to HMCS6800 Peripheral Timing Diagram 
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Figure 48 HMCS6800 Interface — Example 1 
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Figure 49 HMCS6800 Interface — Example 2 





@ INTERRUPT OPERATION 

During an interrupt acknowledge cycle while the processor 
is fetching the vector, if VPA is asserted, the HD68000 will 
assert VMA and complete a normal HMCS6800 read cycle as 
shown in Figure 50. The processor will then use an internally 
generated vector that is a function of the interrupt being serv- 
iced. This process is known as autovectoring. The seven auto- 
vectors are vector numbers 25 through 31 (decimal). 

This operates in the same fashion (but is not restricted to) 
the HMCS6800 interrupt sequence. The basic difference is that 
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there are six normal interrupt vectors and one NMI type vector. 
As with both the HMCS6800 and the HD68000’s normal 
vectored interrupt, the interrupt service routine can be located 
anywhere in the address space. This is due to the fact that 
while the vector numbers are fixed, the contents of the vector 
table entries are assigned by the user. 

Since VMA is asserted during autovectoring, the HMCS6800 
peripheral address decoding should prevent unintended ac- 
cesses. 





SO S2 S4 S6 S8 SO S2 S4 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6 








internal | —P acki : Pera 
Processing C Low Stacking—>}<—_———-—- Autovector Operation > -«- 


Processing 


Figure 50 Autovector Operation Timing Diagram 


= DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

© Bits 

e@ BCD Digits (4-bits) 

®@ Bytes (8-bits) 

® Word (16-bits) 

®@ Long Words (32-bits) 
In addition, operations on other data types such as memory 
addresses, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 10, includs six 


basic types: 
@ Register Direct 
Register Indirect 
Absolute 
Immediate 
Program Counter Relative 
Implied 
Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


eee 
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Table 10 Addressing Modes 


Mode Generation 
Register Direct Addressing 
Data Register Diredt EA=Dn 
Address Register Direct EA=An 


Absolute Data Addressing 

Absolute Short 

Absolute Long 

Program Counter Relative Addressing 
Relative with Offset 

Relative with Index and Offset 
Register Indirect Addressing 

Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 

Indexed Register Indirect with Offset 


immediate Data Addressing 


EA = (Next Word) 
EA = (Next Two Words) 


EA= (PC) + dis 
EA = PC) + (Xn) + da 


EA = (An) 

EA = (AN), An<An+N 
An<An — N, EA = (An) 
EA = (An) + dig 

EA = (An) + (Xn) + de 


Immediate DATA = Next Word(s) 

Quick immediate Inherent Data 

Implied Addressing 

Implied Register EA = SR, USP, SP, PC 
(NOTES) 


EA = Effective Address 

An = Address Register 

Dn = Data Register 

Xn = Address or Data Register used 
as Index Register 

SR = Status Register 

PC = Program Counter 

( ) = Contents of 


ds = Eight-bit Offset 
(displacement) 

dig = Sixteen-bit Offset 
(displacement) 

N =1 for Byte, 2 for 
Words and 4 for Long 
Words 

< = Replaces 


Table 11 













Mnemonic Description 


Add Decimal with Extend 


Mnemonic 




















Description 
Exclusive Or 





@ INSTRUCTION SET OVERVIEW 

The HD68000 instruction set is shown in Table 11. Some 
additional instructions are variations, or subsets, of these and 
they appear in Table 12. Special emphasis has been given to 
the instruction set’s support of structured high-level languages 
to facilitate ease of programming. Each instruction, with few 
exceptions, operates on bytes, words, and long words and most 
instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, “quick” arithmetic 
operations, BCD arithmetic and expanded operations (through 
traps). 

The following paragraphs contain an overview of the form 
and structure of the HD68000 instruction set. The instruc- 
tions form a set of tools that include all the machine functions 
to perform the following operations: 

Data Movement 
Integer Arithmetic 
Logical 

Shift and Rotate 

Bit Manipulation 
Binary Coded Decimal 
Program Control 
System Control 

The complete range of instruction capabilities combined 
with the flexible addressing modes described previously pro- 
vide a very flexible base for program development. 


Instruction Set 







Mnemonic 





Description 
Push Effective Address 














ADD Add Exchange Registers Reset External Devices 
AND Logical And : Sign Extend ROL Rotate Left without Extend 
ASL Arithmetic Shift Left Jump ROR Rotate Right without Extend 

Arithmetic Shift Right Jump to Subroutine ROXL Rotate Left with Extend 
Bec Branch Conditionally LEA Load Effective Address ROXR Rotate Right with Extend 
BCHG Bit Test and Change LINK Link Stack RTE Return from Exception 
BCLR Bit Test and Clear Logical Shift Left Return and Restore 
BRA Branch Always Logical Shift Right Return from Subroutine 
BSET Bit Test and Set 3 MOVE Move Subtract Decimal with Extend 
au eis Subroutine MOVEM Move Multiple Registers Set Conditional 

MOVEP Move Peripheral Data STOP Stop 










Check Register Against Bounds 

Clear Operand 

Compare 

Test Condition, Decrement and 
Branch 

Signed Divide 

Unsigned Divide 
















NEG Negate 







DIVS 
Logical Or 
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Signed Multiply 
Unsigned Multiply 
Negate Decimal with Extend 


No Operation 
One's Complement 







Subtract 

Swap Data Register Halves 
Test and Set Operand 
Trap 

Trap on Overflow 

Test 


Unlink 








TRAP 
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Table 12 Variations of Instruction Types 













Instruction 
Type 
ADD 


Description 


Add 
Add Address 
Add Quick 

Add Immediate 
Add with Extend 
Logical And 
And Immediate 
Compare 
Compare Address 
Compare Memory 
Compare Immediate 
Exclusive Or 
Exclusive Or Immediate 






EOR 






@ ADDRESSING 
Instructions for the HD68000 contain two kinds of infor- 
mation: the type of function to be performed, and the location 
of the operand(s) on which to perform that function. The 
methods used to locate (address) the operand(s) are explained 
in the following paragraphs. 
Instructions specify an operand location in one of three 
ways: 
Register Specification — the number of the register is given 
in the register field of the instruction. 
Effective Address — use of the different effective address 
modes. 
Implicit Reference — the definition of certain instructions 
implies the use of specific registers. 


@ DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) 
is provided by the move (MOVE) instruction. The move instruc- 
tion and the effective addressing modes allow both address 
and data manipulation. Data move instructions allow byte, 
word, and long word operands to be transferred from memory 
to memory, memory to register, register to memory, and regis- 
ter to memory, and register to register. Address move instruc- 
tions allow word and long word operand transfers and ensure 
that only legal address manipulations are executed. In addition 
to the general move instruction there are several special data 
movement instructions: move multiple registers (MOVEM), 
move peripheral data (MOVEP), exchange registers (EXG), 
load effective address (LEA), push effective address (PEA), 
link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 13 is a summary of the data movement 
operations. 


@ INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations 
of add (ADD), subtract (SUB), multiply (MUL), and divide 
(DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available 
for both address and data operations, with data operations 
accepting all operand sizes. Address operations are limited 
to legal address size opeiands (16 or 32 bits). Data, address, 
and memory compare operations are also available. The clear 





























Instruction 


Type Description 








MOVE MOVE Move 
MOVEA Move Address 
MOVEQ Move Quick 






MOVE from SR 
MOVE to SR 

MOVE to CCR 
MOVE USP 


Move from Status Register 
Move to Status Register 
Move to Condition Codes 
Move User Stack Pointer 
Negate 
Negate with Extend 
Logical Or 

Or Immediate 
Subtract 
SUBA Subtract Address 
SUBI Subtract Immediate 
SUBQ Subtract Quick 
Subtract with Extend 





















OR 













and negate instructions may be used on all sizes of data oper- 
ands. 

The multiply and divide operations are available for signed 
and unsigned operands using word multiply to produce a long 
word product, and a long word dividend with word divisor to 
produce a word quotien with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplish- 
ed using a set of extended instructions. These instructions are: 
add extended (ADDX), subtract extended (SUBX), sign extend 
(EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition 
codes as a result of a compare of the operand with zero is also 
available. Test and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 14 is a summary of 
the integer arithmetic operations. 


Table 13 Data Movement Operations 


Instruction Operation 
EXG p32 RK Ry 
LEA P32. EA An 
An SP@-; 
LINK (s > An; 
SP +d—>SP 
MOVE | 816,32 | (EA)s>EAd 
(EA) > An, Dn 
wovem | 16,32 | nbn EA 
(EA) > Dn 
MOVEQ #xxx > Dn 
PEA EA > SP@- 
SWAP | 32s sOn31:16] + Dn 15:0) 
An~> Sp: 
unk |= | ean 
(NOTES) 
s = source @- = indirect with predecrement 


d= destination 
[ ] = bit numbers 


@+ = indirect with postdecrement 
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Table 14 Integer Arithmetic Operations 


8, 16, 32 
















Instruction Operation 


Dn + (EA) > Dn 
(EA+Dn>EA 
(EA) + #xxx > EA 
AN + (EA) > An 


Dx + Dy + X > Dx 
Ax@-+Ay@-+ X > Ax@ 


ADD 
16, 32 






ADDX 









8, 16, 32 
8, 16, 32 






Dn - (EA) 
(EA) - #xxx 
cMP Ax@+ - Ay@+ 


16, 32 An - (EA) 


DIVS 32 + 16 Dn/(EA) > Dn 
DIVU 32 + 16 Dn/(EA) > Dn 
EXT 8> 16 (Dn)g > Drie 


16 > 32 (Dn)ig > Drg2 
MULS 16*16 > 32 Dn«(EA) > Dn 











MULU 16*16 > 32 Dn*(EA) > Dn 
NEG 8, 16, 32 0 -(EA)>EA 
NEGX 8, 16, 32 O-(EA)-X-EA 
8, 16, 32 Dn - (EA) > Dn 
(EA) -Dn>EA 
ove (EA) - #xxx > EA 
16, 32 An - (EA) > An 
Dx - Dy - X > Dx 
SUBX B,1G,32 Ax@- - Ay@- -X>Ax@ 
TAS 8 (EA) -0, 17> EA[7] 
TST 8, 16, 32 (EA) -0 
(NOTE) [ ] =bit number 







(If An 





Figure 51 


14 13 12 11 


15 10 
es 


9 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 8) 
Operation Word 
Immediate Operand 
Source Effective Address Extension 
Destination Effective Address Extension 
One or Two Words) 


8 7 6 





@ INSTRUCTION FORMAT 

Instructions are from one to five words in length, as shown 
in Figure 51. The length of the instruction and the operation 
to be performed is specified by the first word of the instruction 
which is called the operation word. The remaining words 
further specify the operands. These words are either immediate 
operands or extensions to the effective address mode specified 
in the operation word. 


@ PROGRAM/DATA REFERENCES 

The HD68000 separates memory references into two class- 
es: program references, and data references. Program refer- 
ences, as the name implies, are references to that section of 
memory that contains the program being executed. Data refer- 
ences refer to that section of memory that contains data. 
Generally, operand reads are from the data space. All operand 
writes are to the data space. 


@ REGISTER SPECIFICATION 

The register field within an instruction specifies the register 
to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 


@ EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 52 shows the general format of the single effective ad- 
dress is composed of two 3-bit fields: the mode field, and the 
register field. The value in the mode field selects the different 
address modes. The register field contains the number of a 
register. 

The effective address field may require additional informa- 
tion to fully specify the operand. This additional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the instruc- 
tion, as shown in Figure 51. The effective address modes are 
grouped into three categories: register direct, memory address- 
ing, and special. 






Instruction Format 


5 4 3 2 1 ie] 


Effective Address 
Register 





Mode 


Figure 52 Single-Effective-Address Instruction Operation Word General Format 
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REGISTER DIRECT MODES 
These effective addressing modes specify that the operand 
is in one of the 16 multifunction registers. 


EXAMPLE 


MPU MEMORY 






$001 FOO 







OOOOABCD} DO 





OWL 31CO 
OWL +2 


MOVE DO, $1F00 


Ul 


Address Register Direct 
The operand is in the address register specified by the effec- 
tive address register field. 


EXAMPLE 


MPU MEMORY 


(00001234) A4 


$201000 





OWL 33CC 
OWL + 2 


MOVE A4, $201000 OWL +4 


UTC 


@ HITACHI 


HD68000,HD68000Y 


Data Register Direct 
The operand is in the data register specified by the effective 
address register field. 


COMMENTS 
eEA=Dn 


®@ Machine Level Coding 


MOVE DO, $1F00 


0011 0001 1100 0000 


Move 


Word Reg #0 


Absolute 

Short 
Data 
Register 
Direct 


COMMENTS 
@EA=An 


@ Machine Level Coding 
MOVE A4, $201000 
0011 0011 1100 14100 


Move Reg #4 
Word Absolute 
Long 
Address 
Register 
Direct 
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EXAMPLE 


MPU MEMORY 






00001234] A4 $201000 


EE 
Move om 
Word 
Long 
eg#4 
Address 
Register 





COMMENTS 
@EA=An 
®@ Address Register Sign Extended 
® Machine Level Coding 
MOVE $201000, A4 


0011 1000 0111 1001 


Absolute 





Direct 


OWL _— 


MOVE $201000, A4 


owe + 20020 
ow. +4[ 1000] 


pe 


MEMORY ADDRESS MODES 
These effective addressing modes specify that the operand 
is in memory and provide the specific address of the operand. 


EXAMPLE 


Address Register Indirect 

The address of the operand is in the address register specified 
by the register field. The reference is classified as a data refer- 
ence with the exception of the jump and jump to subroutine 
instructions. 


COMMENTS 
@ EA = (An) 


MPU MEMORY 






XXXX1234] DO 


00001000} AO 


OWL 


MOVE (AO), DO 


@ Machine Level Coding 
MOVE (A0), DO 
0011 90000 0001 0000 
_f- 


Move Reg #0 
Word Data 
Register 
Direct 
Reg #0 ARI 
(Address 
Register 
Indirect) 
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Address Register Indirect With Postincrement 

The address of the operand is in the address register specified 
by the register field. After the operand address is used, it is 
incremented by one, two, or four depending upon whether 
the size of the operand is byte, word, or long word. If the 
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address register is the stack pointer and the operand size is 
byte, the address is incremented by two rather than one to 
keep the stack pointer on a word boundary. The: reference is 
classified as a data reference. 


EXAMPLE COMMENTS 
@ EA = (An); An + M—An 
MPU MEMORY Where An —» Address Register 
M —~1,2,or4 
(Depending Whether 
T_T Byte, Word, or 
00000700] a4 $100} AEI2.— 4 Long Word) 
ie easel @ Machine Level Coding 
00000102 [aa MOVE (A4) +, $2000 
~~ = 0011 0001 1101 1100 
$2000 AE12 
Reg #4 
L-—_—___ J Move 
Word Absolute 
Ce Short = ART with 
OWL 31DC Increment 
ow. +2{ 2000] 
nae eet 


Address Register Indirect With Predecrement 

The address of the operand is in the address register specified 
by the register field. Before the operand address is used, it is 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 


register is the stack pointer and the operand size is byte, the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 


EXAMPLE COMMENTS 
@ An — M—®An; EA = (An) 
MPU MEMORY Where An—» Address Register 


$OOFE 
$0100 


00000100} A3 


QOOOOOFE 


$4000 





OWL 


OWL + 2 
MOVE — (A3), $4000 





M —~1,2,or4 
(Depending Whether 
Byte, Word, or 
Long Word) 
® Machine Level Coding 


MOVE — (A3), $4000 


0011. 0001 1110 0011 
pee 
ARI 

Move with 
Predic- 

Word Absolute enene 

Short 
Reg #3 


@ HITACHI 865 





HD68000, HD68000Y 


Address Register Indirect With Displacement register and the sign-extended 16-bit displacement integer in 


This address mode requires one word of extension. The ad- 
dress of the operand is the sum of the address in the address 


Address Register Indirect With Index 
This address mode requires one word of extension. The 
address of the operand is the sum of the address in the address 


ds 2 00000100 


the extension word. The reference is classified as a data refer- 
ence with the exception of the jump to subroutine instructions. 


EXAMPLE COMMENTS 
@EA=Ant+ dig 
MPU MEMORY Where An — Pointer Register 
dig —™16-Bit Displacement 
@ d,. Displacement is Sign Extended 
— @ Machine Level Coding 
$1100 ABCD 
60007000] AO ed MOVE $100(A0), $3000 
—__ 0011 0001 1110 1000 
Fees 4 Absolute Reg #0 
Short 
$3000 ABCD Move 
Word with 
L—~_ Displacement 





CO 


MOVE $100(A0), $3000 


OWL 
ADDRESS 
CALCULATION: OWES 
AO = 00001000 OWL +4 


00001100 


Wil 


register, the sign-extended displacement integer in the low order 
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eight bits of the extension word, and the contents of the index 
register. The reference is classified as a data reference with the 
exception of the jump and jump to subroutine instructions. 


EXAMPLE COMMENTS 
@EA=An+Rxtdu 
MPU MEMORY Where 
An —» Pointer Register 
Rx —* Designated Index Register, 
TC (Either Address Register or 
s1o00 [2345 Sit ionacm 
d, —» 8-Bit Displacement 
000028) DO L—~_ @ Rx & ds are Sign Extended 
@ Rx may be Word or Long Word 
00002000 | AO a Long Word may be Designated with Rx.L 
@ Machine Level Coding 
saseo| 2045 
ae MOVE $04(A0, DO), $1000 
L-—___ J 0011 0001 1111 0000 
CC Move = Absolute Reg #0 
Word Short 
with 
F 
MOVE $04(AO, DO), me Index 
+ 
#1008 Bla 0000 0000 0000 0100 
+ 
ADDR | 1000 
CAL CURE TiON Saar D/A Word Offset 
AO = 00002000 ee has 24 Reg #0 Constant Zeros 
DO = 00002BDC 
d_= 00000004 LE——~_ 
OO0004BE0 
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SPECIAL ADDRESS MODE 

The special address modes use the effective address register 
field to specify the special addressing mode instead of a register 
number. 


EXAMPLE 


MPU MEMORY 


Z 





al 
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Absolute Short Address 

This address mode requires one word of extension. The ad- 
dress of the operand is the extension word. The 16-bit address 
is sign extended before it is used. The reference is classified 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 


COMMENTS 


@ EA = (Next Word) 
© 16-Bit Word is Sign Extended 


@ Machine Level Coding 
NOT.L $2000 
0100 0110 1011 1000 








$2000 0000 Fos 
$2002] 0000—>FFFF oe oa 
Not Instruction aaa 
NOT.L $2000 aan — 
: a a a 
EXAMPLE COMMENTS 
@ EA = (Next Word) 
MPU MEMORY @ 16-Bit Word is Sign Extended 
$1000 1234 1] @ Machine Level Coing 
Sed MOVE $1000, $2000 
ae, ee 
$2000 0011 0001 1111 1000 
| Move Absolute 
L—_—__ J Word Short 
Absolute 
TC iat 
MOVE $1000, $2000 One [| girs 
owL+2] 1000 
OWL +4 2000 
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Absolute Long Address 
This address mode requires two words of extension. The 


address of the operand is developed by the concatenation of 


the extension words. The high-order part of the address is the 


EXAMPLE 





first extension word; the low-order part of the address is the 
second extension word. The reference is classified as a data 
reference with the exception of the jump and jump to sub- 
routine instructions. 


COMMENTS 
@ EA = (Next Two Words) 


MPU MEMORY 


$14000 


OWL 
OWL + 2 
OWL +4 


NEG $014000 


Program Counter With Displacement 

This address mode requires one word of extension. The 
address of the operand is the sum of the address in the program 
counter and the sign-extended 16-bit displacement integer in 


EXAMPLE 


MPU MEMORY 










XXXXABCD| DO 


$8000 
$8002 


MOVE (LABEL), DO 


ADDRESS 
CALCULATION: 
PC = 00008002 

d = 00001000 


00009002 <LABEL > $9002 


an 





303A 


CL 


0001 -> FFFF 


@ Machine Level Coding 
NEG $014000 
0100 0100 0111 1001 
ft 


3 
NEG 2° ‘Absolute 


Instruction Long 


the extension word. The value in the program counter is the ad- 
dress of the extension word. The reference is classified as a pro- 
gram reference. 


COMMENTS 

@ EA= (PC) + dig 

® dis is Sign Extended 
®@ Machine Level Coding 


MOVE (LABEL), DO 
0011 O000 0017 1010 


PC with 


Move Data Displacement 


Word Register 
Direct 
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Program Counter With Index 

This address mode requires one word of extension. This 
address is the sum of the address in the program counter, the 
sign-extended displacement integer in the lower eight bits of 
the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension 
word. This reference is classified as a program reference. 


EA = (PC) + (Rx) + du 
(NOTE) 


PC Value Instruction 


15 14 1 





12,11 10 9 8 


Beginning Sins 


Extension Word 
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10 


3 
pia] Reon [wt] o [0 [0] Sipicoen nog 


Reg 
DIA : Data Register = 0, Address Register = 1 


Address of PC +d, ——> 
Register : Index Register Number 


Data Table 


Data W/L : Sign-extented, low order Word integer 


Desired Data tele 


Location in Table } PC +ds + Rx . 


EXAMPLE 


MPU MEMORY 









$8000 
$8002 8010 


XXXX3456} DO 
00001010] AO 


<LABEL> 
le $8012 


Ch 


MOVE (LABEL) (AO), DO 


ADDRESS 
CALCULATIONS: 
PC = 00008002 
AO = 00001010 

d = 00000010 


00009022 
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in Index Register = 0 
Long Word in Index Register = 1 


COMMENTS 
@ EA = (PC) + (Rx) + da 
Where 
PC —»Current Program Counter 
Rx—» Designated Index Register 
(Either Data or Address Register) 
_ dg—e8-Bit Displacement 
@ Rx and dg are Sign Extended 
@ Rx may be Word or Long Word 
Long Word is Designated with Rx.L 
@ Machine Level Coding 


MOVE (LABEL) (AO), 00 
0011 0000 0011 1011 


Move PC with 
Word Index 


Data Register 
Direct 


1000 0000 00010000 


Address 8-Bit Displacement 
Register 

Register | Constant Zeros 

Number 





Index Length 
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Immediate Data 
This address mode requires either one or two words of ex- 
tension depending on the size of the operation. 
Byte operation — operand is low order byte of extension 
word 
Word operation — operand is extension word 





Extension Word 


00000000 Byte 


or 0 


Long word operation — operand is in the two extension 


870 


words, high-order 16 bits are in the first extension word, 
low-order 16 bits are in the second extension word. 


EXAMPLE 
MPU MEMORY 






00001000} AO 


MOVE #$1000, AO 






EXAMPLE 
MPU MEMORY 





Q000005A} D3 


MOVEQ #$5A, D3 
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15 or Q 
High Order 





---~- Long Word Cow Order 


COMMENTS 


@ Data = Next Word(s) 
@ Data is Sign Extended 
for Address Register 

but not Data Register 


@ Machine Level Coding 
MOVE #$1000, AO 
0011 0000 0111 1100 


a Ea eee 
Reg #0 Immediate 
Data 
Move 


Address 
Register 
Direct 


Word 


COMMENTS 


@ inherent Data 
® Data is Sign Extended to Long Word 
@ Destination must be a Data Register 


@ Machine Level Coding 
MOVEQ #$5A, D3 
0111 O11 OQ O101 1010 


Reg #3 Fixed Immediate 


Move Zero Data 


Quick 





Condition Codes or Status Register 
A selected set of instructions may reference the status regis- 
ter by means of the effective address field. These are: 
ANDI to CCR 
ANDI to SR 
EORI to CCR 
EORI to SR 
ORI toCCR MPU 
ORI to SR 


EXAMPLE 





MOVE $1020, SR 


@ EFFECTIVE ADDRESS ENCODING SUMMARY 
Table 15 is a summary of the effective addressing modes 
discussed in the previous paragraphs. 


Table 15 Effective Address Encoding Summary 


Addressing Mode Mode Register 
Data Register Direct | 000 | register number 

















Address Register Direct 001 register number 
Address Register Indirect | 010 | register number 
pe pebrabec arid Ingineer win 011 register number 
pena ee tndivect:with 100 register number 
Address Register Indirect with 101 fegisten number 


Displacement 


Address Register Indirect with 
110 
Index 


Absolute Short 111 000 
Absolute Long 111 001 


Program Counter with 
Displacement 


Program Counter with Index 111 011 
Immediate 111 100 


@ IMPLICIT REFERENCE 
Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor 


register number 








111 010 














MEMORY 
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COMMENTS 


@ EA = (Next Word) 
®@ Note: This Example is a Privileged 
Instruction 


@ Machine Level Coding 


MOVE $1020, SR 
0100 0110 1111 1000 


Move toSR Absolute 


Short 


stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). 


SYSTEM STACK 

The system stack is used implicitly by many instructions; 
user stacks and queues may be created and maintained through 
the addressing modes. Address register seven (A7) is the system 
stack pointer (SP). The system stack pointer is either the super- 
visor stack pointer (SSP) or the user stack pointer (USP), de- 
pending on the state of the S-bit in the status register. If the 
S-bit indicates supervisor state, SSP is the active system stack 
pointer, and the USP cannot be referenced as an address re- 
gister. If the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 


SYSTEM STACK POINTERS 
User Stack Supervisor Stack 
A7 A7' 


USP SSP 


@ Accessed when S = 0 

® PC is Stacked on 
Subroutine Calls in 
User State 


@ Accessed when S = 1 

@ PC is Stacked on 
Subroutine Calls in 
Supervisor State 

@ Used for Exception 


* Increasing Addresses Processing 
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The address mode SP @- creates a new item on the active 
system stack, and the address mode SP @+ deletes an item from 
the active system stack. 

The program counter is saved on the active system stack on 
subroutine calls, and restored from the active system stack on 
returns. On the other hand, both the program counter and the 
status register are saved on the supervisor stack during the 
processing of traps and interrupts. Thus, the correct execution 
of the supervisor state code is not dependent on the behavior 
of user code and user programs may use the user stack pointer 
arbitrarily. 

In order to keep data on the system stack aligned properly, 
data entry on the stack is restricted so that data is always put 
in the stack on a word boundary. Thus byte data is pushed on 
or pulled from the system stack in the high order half of the 
word; the lower half is unchanged. 


USER STACKS 

User stacks can be implemented and manipulated by employ- 
ing the address register indirect with postincrement and pre- 
decrement addressing modes. Using an address register (on of 
AO through A6), the user may implement stacks which are filled 
either from high memory to low memory, or vice versa. The 
important things to remember are: 

— using predecrement, the register is decremented before its 
contents are used as the pointer into the stack, 

— using postincrement, the register is incremented after its 
contents are used as the pointer into the stack, 

— byte data must be put on the stack in pairs when mixed 
with word or long data so that the stack will not get 
misaligned when the data is retrieved. Word and long 
accesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 
An@- to push data on the stack, 

An@+ to pull data from the stack. 

After eigher a push or a pull operation, register An points to 

the last (top) item on the stack. This is illustrated as: 











low memory 


high memory 


An——} 


Stack growth from low to high memory is implemented with 
An@+ to push data on the stack, 
An@- to pull data from the stack. 
After either a push or a pull operation, register An points to 
the next available space on the stack. This is illustrated as: 












low memory 


high memory 







An} 


QUEUES 

User queues can be implemented and manipulated with the 
address register indirect with postincrement or predecrement 
addressing modes. Using a pair of address registers (two of AO 
through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because 
queues are pushed from one end and pulled from the other, two 
registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 

Aput@+ to put data into the queue, 
Aget@+ to get data from the queue. 

After a put operation, the put address register points to the 
next available space in the queue and the unchanged get address 
register points to the next item to remove from the queue. 
After a get operation, the get address register points to the next 
item to remove from the queue and the unchanged put address 
register points to the next available space in the queue. This is 
illustrated as: 












low memory 


last get (free) 


high memory 


If the queue is to be implemented as a circular buffer, the 
address register should be checked and, if necessary, adjusted 
before the put or get operation is performed. The address regis- 
ter is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 

Aput@- to put data into the queue, 
Aget@ - to get data from the queue. 

After a put operation, the put address register points to the 
last item put in the queue, and the unchanged get address 
register points to the last item removed from the queue. After a 
get operation, the get address register points to the last item 
removed from the queue and the unchanged put address register 
points to the last item put in the queue. This is illustrated as: 
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low memory 


last put 


last get (free) 


high memory 






Aget —— 





If the queue is to be implemented as a circular buffer, the 
get or put operation should be performed first, and then the 
address register should be checked. and, if necessary, adjusted. 
The address register is adjusted by adding the buffer length 
(in bytes). 


@ LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT 
are available for all sizes of integer data operands. A similar 
set of immediate instructions (ANDI, ORI, and EORI) provide 
these logical operations with all sizes of immediate data. Table 
16 is a summary of the logical operations. 


Table 16 Logical Operations 


Operand Size 








Operation 
Dna(EA) > Dn 


Instruction 















AND (EA)A Dn EA 
(EA) an #xxx > EA 
Dn v (EA) > Dn 

OR (EA) v Dn > EA 
(EA) v #xxx > EA 

EOR 8, 16, 32 ASS baie NS 





(EA) © #xxx—> EA 
~{EA)—> EA 








8, 16, 32 








(NOTE] ~ = invert 


@ SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the 
arithmetic instructions ASR and ASL and logical shift instruc- 
tions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All 
shift and rotate operations can be performed in either registers 
or memory. Register shifts and rotates support all operand 
sizes and allow a shift count specified in the instruction of 
one to eight bits, or 0 to 63 specified in a data register. 

Memory shifts and rotates are for word operands only and 
allow only single-bit shifts or rotates. Table 17 is a summary 
of the shift and rotate operations. 
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Table 17 Shift and Rotate Operations 





Instruction Operation 

ASL 8, 16, 32 [xc }-{ <—_———0 
ASR 8, 16, 32 X/C 
LsR 0 x/C 
ROR | 8.16.32 | [$< etc] 
Rox. | 8, 16,32 | 
ROXR 816,92 


@ BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the 
following instructions: bit test (BFST), bit test and set (BSET), 
bit test and clear (BCLR), and bit test and change (BCHG). 
Table 18 is a summary of the bit manipulation operations. 
(Bit 2 of the status register is Z.) 


Table 18 Bit Manipulation Operations 












Operation 
~ bit of (EA) > Z 
( bit of (EA) > Z; 
1— bit of EA 

~ bit of (EA) — Z; 
(6 > bit of EA 

& bit of (EA) > Z; 


Instruction Operand Size 














BSET 














~ bit of (EA)— bit of EA 





@ BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded deci- 
mal numbers are accomplished using the following instructions: 
add decimal with extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend (NBCD). Table 19 is 
a summary of the binary coded decimal operations. 


Table 19 Binary Coded Decimal Operations 












Operation 
Dx, + Dy,, +X > Dx 
Ax@ —19 + Ay@- yo +X > Ax@ 
Dx,, ~Dy,, -X > Dx 
Ax@ — 10 - AyY@ - 10-X > Ax@ 
0-(EA),, -X > EA 


Instruction 






ABCD 






SBCD 
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@ PROGRAM CONTROL OPERATIONS 
Program control operations are accomplished using a series 
of conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 20. 
The conditional instructions provide setting and branching 
for the following conditions: 


CC — carry clear LS — low or same 


CS — carry set LT — less than 
EQ — equal MI — minus 

F  — never true NE — not equal 
GE — greater or equal PL — plus 

GT — greater than T — always true 
HI — high VC — no overflow 
LE — less or equal VS — overflow 


Table 20 Program Control Operations 


Instruction Operation 

Conditional 

Bcc Branch conditionally (14 conditions) 
8- and 16-bit displacement 

DBcc Test condition, decrement, and branch 
16-bit displacement 

Scc Set byte conditionally (16 conditions) 

Unconditional 

BRA Branch always 
8-and 16-bit displacement 

BSR Branch to subroutine 
8- and 16-bit displacement 

JMP Jump 

JSR Jump to subroutine 

Returns 

RTR Return and restore condition codes 

RTS Return from subroutine 








©@ SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privi- 
leged instructions, trap generating instructions, and instructions 
that use or modify the status register. These instructions are 
summarized in Table 21. 


Table 21 System Control Operations 








Instruction 
Priviteged 
RESET 






Operation 













Reset external devices 


RTE Return from exception 

STOP Stop program execution 

ORI to SR Logical OR to status register 
MOVE USP Move user stack pointer 
ANDI to SR Logical AND to status register 
EORI to SR Logical EOR to status register 


MOVE EA to SR 
Trap Generating 
TRAP 
TRAPV 
CHK 


Status Register 


Load new status register 

















Trap 
Trap on overflow 
Check register against bounds 












ANDI to CCR Logical AND to condition codes 
EOR! to CCR Logical EOR to condition codes 
MOVE EA to CCR Load new condition codes 

ORI to CCR Logical OR to condition codes 





MOVE SR to EA Store status register 





@ BRANCH INSTRUCTION ADDRESSING 


BRANCH INSTRUCTION FORMAT 


15 87 0 
@ bit Displacement 
16 bit Displacement if 8 bit Displacement = 0 


Operation Word 
Extension Word 


RELATIVE, FORWARD REFERENCE, 8-BIT OFFSET 





EXAMPLE 


MPU MEMORY 


COMMENTS 

@ Offset Contained in 8 LSBs of Op Word 
© Offset is 2's Complement Number 

@ If Offset = 0 then Word Offset is Used 


@ Machine Level Coding 
BEQ NEXT 
[z= 1] 0110 0111 0001 1110 
oo 
Branch Offset 
Cc ~ Branch If 
Saas 


BEQ NEXT 
$5020 
PC + 2 = 5002 
d= 0O01E 
5020 





Next OP Code 
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RELATIVE, BACKWARD REFERENCE 8-BIT OFFSET 


EXAMPLE COMMENTS 
@ Offset Contained in 8 LSBs 
MPU MEMORY of Op Word 





®@ Offset is 2’s Complement Number 
@ if Offset = 0 then Word 


Offset is Used 
@ Machine Level Coding 
BNE NEXT 
0110 0110 1101 1110 
a, ee Branch Offset 
$4000} Next OP Code Branch If 
Not Equal 
d= FFDE 
4000 eee oa 


RELATIVE, FORWARD REFERENCE, 16-BiT OFFSET 





EXAMPLE COMMENTS 
© Offset in Next Word 
MPU MEMORY @ 8-Bit Offset Field = 0 
@ 2's Complement Offset 
@ Machine Level Coding 
Boc NEXT 
0110 0100 0000 0000 
Branch vir = 
CO Branch If 
saoo2{ 1000 | 
$5002 
d = +.1000 
5002 be nea 
® CONDITION CODES COMPUTATION V — Overflow 
This provides a discussion of how the condition codes were C — Carry 
developed, the meanings of each bit, how they are computed, X — Extend 


and how they are represented in the instruction set details. 


® CONDITION CODE REGISTER 
The condition code register portion of the status register con- 
tains five bits: 
N — Negative 
Z — Zero 


The first four bits are true condition code bits in that they 
reflect the condition of the result of a processor operation. 
The X-bit is an operand for multiprecision computations. The 
carry bit (C) and the multiprecision operand extend bit (X) 
are separate in the HD68000 to simplify the programming 
model. 


© HITACHI 875 


HD68000,HD68000Y 


@ CONDITION CODE REGISTER NOTATION 

In the instruction set details, the description of the effect on 
the condition codes is given in the following form: 
Condition Codes: x N 2Z2V C 


Where 

N (negative) set if the most significant bit of the result 
is set. Cleared otherwise. 

Z (zero) set if the result equals zero. Cleared otherwise. 

V (overflow) set if there was an arithmetic overflow. This 
implies that the result is not representable 
in the operand size. Cleared otherwise. 

C (carry) set if a carry is generated out of the most 
significant bit of the operands for an addition. 
Also set if a borrow is generated in a subtrac- 
tion. Cleared otherwise. 





X (extend) transparent to data movement. When affect- 
ed, it is set the same as the C-bit. 
The notational convention that appears in the representation 
of the condition code registers is: 
* — set according to the result of the operation 
not affected by the operation 


0 cleared 
1 set 
U undefined after the operation 


@ CONDITION CODE COMPUTATION 

Most operations take a source operand and a destination 
operand, compute, and store the result in the destination 
location. Unary operations take a destination operand, com- 
pute, and store the result in the destination location. Table 22 
details how each instruction sets the condition codes. 


Table 22 Condition Code Computations 


Operations px tut2ztv te | Special Definition 



































ABCD C = Decimal Carry 
Z=Z:°>Rm-...* RO 
ADD, ADDI, V=Sm+ Dm: Rm+Sm- Dm: Rm 
ADDQ C =Sm* Dm+ Rm: Om+Sm>: Rm 
ADDX * £ V=Sm>* Dm: Rm+5m* Dm: Rm 
C=Sm:Dm+Rm: Dmt+Sm> Rm 
ee: 2 2=Z-Rm-...* RO 
AND, ANDI, - 7 . 0 
EOR, EORI, 
MOVEQ, MOVE, 
OR, ORI, 
CLR, EXT, 
NOT, TAS, TST 
CHK p-t{* tu tutus 
SUB, SUBI * . . ? ? v=Sm: Dm: Rm+Sm: Bm: Rm 
suBQ C=Sm: Dm+Rm: Dm+Sm: Rm 
SUBX i * ? ? ? V=Sm: Dm: Rm+Sm: Om- Rm 
C=Sm:Dm+ Rm: Om+Sm> Rm 
Z=2Z-Rm-...- RO 
CMP, CMPI, - * * ? ? v=Sm-:Dm-:  Aim+ Sm Bm: Rm 
CMPM C =Sm: Dm+Rm-: Dm+Sm: Rm 
DIVS, DIVU - * e ? | 0 | V = Division Overflow 
MULS, MULU Pa y o | o | 
SBCD, NBCD . U ? U ? C = Decimal Borrow_ 
Z2=Z:-Rm-...* RO 
NEG malls . ? ? V=Dm: Rm,C=Dm+Rm 
NEGX i * ? ? ? V=Dm: Rm,C=Dm+Rm 
Z=2Z:Rm-...+ RO 
BTST, BCHG, ~ - ? - z=Bn 
BSET, BCLR 
ASL * . * ? ? V=Dm: (Dna t+... + Om-r) 
+ Dm * (Dm-7 +... + Omer) 
C =DOm-r41 
ASL (r= 0) =e Ra) oe es 
LSL, ROXL en ee 
LSR (r= 0) -|*{[* | o |] 0 | 
ROXL (r = 0) - | * “ o |? | c=x 
ROL -[* [| * [0 [? | C=Dmeres 
ROL (r = 0) | o | 
ASR,LSR,ROXB | * | * | * | o | ? | C=D.4 
ASR,LSRir=0) | — | * | * | 
ROXR (r = 0) | = | c=X 
ROR Peel" [0 | 2) es iy 
norv=o  [-|*|*]o]o 
— Not affected * General Case: Sm — Source operand most significant bit 
U Undefined X=C Om — Destination operand most significant bit 
? Other— see Special Definition N=Rm Rm — Resuit bit most significant bit 


Z=Rm-..- 


RO 


an — bit number 
r  — shift amount 
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@® CONDITIONAL TESTS 

Table 23 lists the condition names, encodings, and tests 
for the conditional branch and set instructions. The test associ- 
ated with each condition is a logical formula based on the 
current state of the condition codes. If this formula evaluates to 
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1, the condition succeeds, or is true. If the formula evaluates to 
0, the condition is unsuccessful, or false. For example, the T 
condition always succeeds, while the EQ condition succeeds 
only if the Z bit is currently set in the condition codes. 


Table 23 Conditional Tests 


Mnemonic 


F false 

HI high 

LS low or same 
cc carry clear 


cs 


NE not equal 





EQ equal 

vc overflow clear 

vs 
Poe] hs 
mi | mins 


GE | eesteror equal [1100 
iT [esther 
Gt 
LE | _bessorequt | im _| 


® INSTRUCTION SET 
The following paragraphs provide information about the 
addressing categories and instruction set of the HD68000. 


® ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways 
in which they may used. The following classifications will 
be used in the instruction definitions. 
Data If an effective address mode may be used to refer 
to data operands, it is considered a data address- 
ing effective address mode. 
If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 
If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered 
an alterable addressing effective address mode. 
If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered a control addressing effective address 
mode. 
Table 24 shows the various categories to which each of the 
effective address modes belong. Table 25 is the instruction set 
summary. 

The status register addressing mode is not permitted unless 
it is explicitly mentioned as a legal addressing mode. 

These categories may be combined so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 


Memory 


Alterable 


Control 


[Condition [Encoding | Test 
T 


1 

| oor | o 

[cote [e 

0100 Cc 

| or | c 

| ono |Z 

| om |Z 

| 1000 | OV 

| 1001S |v 

| 110 =| ON 

P1011 JN 
N°-VtN-V 
N°-V+tN- Vv 
N-V:Z4tN-V-Z 
Z+N°V+tN-V 


memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


@ INSTRUCTION PRE-FETCH 

The HD68000 uses a 2-word tightly-coupled instruction 
prefetch mechanism to enhance performance. This mechanism 
is described in terms of the microcode operations involved. 
If the execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of 
the prefetch mechanism can be described. 

1) When execution of an instruction begins, the operation 
word and the word following have already been fetched. 
The operation word is in the instruction decoder. 

2) In the case of multi-word instructions, as each addi- 
tional word of the instruction is used internally, a fetch 
is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when 
the operation word is discarded and decoding is started 
on the next instruction. 

4) If the instruction is a single-word instruction causing a 
branch, the second word is not used. But because this 
word is fetched by the preceding instruction, it is im- 
possible to avoid this superfluous fetch. In the case of 
an interrupt or trace exception, both words are not used. 

5) The program counter usually points to the last word 
fetched from the instruction stream. 
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Table 24 Effective Addressing Mode Categories 


Effective 
Address 











Register 


register number 
register number 
register number 

















Addressing Categories 





Memory 








register number 
register number 
register number 









An@(d, ix) 
xxx.W 
xxx. 
PC@(d) 
PC@(d, ix) 
F#EXXX 


register number 








The following example illustrates many of the features of 
instruction prefetch. The contents of memory are assumed to 
be as illustrated in Figure 53. 


ORG 0 
DC.L INISSP 
DC.L RESTART 
ORG INTVECTOR 
OC.L INTHANDLER 
ORG 
RESTART: 
NOP 
BRA.S LABEL 
ADO.W D0O,D1 
LABEL: 
SUB.W DISP(AO), Al 
CMP.W D2, D3 
SGE.B 07 
INTHANDLER: 
MOVE.W LONGADR1, LONGADR2 
NOP 
SWAP.W 


Figure 53 Instruction 


The sequence we shall illustrate consists of the power-up 
reset, the execution of NOP, BRA, SUB, the taking of an 
interrupt, and the execution of the MOVE.W xxx. L to yyy.L. 
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x KKK KK LK OK OK 





pooxpoorpor 7 LE 
ee - i 


eae | eo 








DEFINE RESTART VECTOR 


INITIAL SYSTEM STACK POINTER 
RESTART SYSTEM ENTRY POINT 


DEFINE AN INTERRUPT VECTOR 
HANDLER ADDRESS FOR THIS VECTOR 


SYSTEM RESTART CODE 


NO OPERATION EXAMPLE 
SHORT BRANCH 
ADD REGISTER TO REGISTER 


SUBTRACT REGISTER INDIRECT WITH OFFSET 
COMPARE REGISTER TO REGISTER 
Scc TO REGISTER 


MOVE WORD FROM AND TO LONG ADDRESS 
NO OPERATION 
REGISTER SWAP 


Prefetch Example, Memory Contents 


The order of operations described within each microroutine is 
not exact, but is intended for illustrative purpose only. 
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@ DATA PREFETCH 


Operation 


Read 

Read 

Read 

Read 

Read 

Read 

<begin NOP> 
NOP Read 

<begin BRA> 
PC=PC+d 
Read 

Read 

<begin SUB> 
SUB Read 

Read 

Read 

<begin CMP> 
Write 

Read 

Write 

Write 

Read 

Read 

Read 

Read 

<begin MOVE > 
Read 

Read 

Read 

Read 

Write 

Read 

Read 

<begin NOP> 


Microroutine 


Reset 


BRA 


INTERRUPT 


MOVE 


Figure 54 


Normally the HD68000 prefetches only instructions and not 
data. However, when the MOVEM instruction is used to move 
data from memory to registers, the data stream is prefetched in 


MOVEM.L 
DC.W 
DC.W 
Dc.w 
DC.W 


DC.W 
DC.W 


mMOOWYD 


A, 00/01 


Oo hwnd — 


MOVE TWO 
LONGWORDS 
INTO REGISTERS 


WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 
WORD 6 


Figure 55 MOVEM Example, Memory Contents 


Location 


(PC) 
+(PC) 


+(PC) 
DISP(AQ) 
+(PC) 

<take INT> 
— (SSP) 
<INT ACK> 
- (SSP) 

- (SSP) 

(VR) 

+(VR) 

(PC) 

+(PC) 


+(PC) 
+(PC) 
XXX 

+(PC) 
yyy 

+(PC) 
+(PC) 
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Operand 


SSP High 
SSP Low 
PC High 
PC Low 
NOP 
BRA 


ADD 


SUB 
DISP 


CMP 
<sre> 
SGE 


PC Low 
Vector # 
SR 

PC High 
PC High 
PC Low 
MOVE 
xxx High 


xxx Low 
yyy High 
<sre> 


yyy Low 
<dest> 


NOP 
SWAP 


Instruction Prefetch Example 


order to optimize performance. As a result, the processor reads 
one extra word beyond the higher end of the source area. For 
example, the instruction sequence in Figure 55 will operate as 
shown in Figure 56. 


Assume Effective Address Evaluation is Already Done 


Microroutine 


MOVEM 


Operation Location Other Operations 
Read A 
Prepare to Filf DO 
Read B A->DOH 
Read Cc B>DOL 
Prepare to Fill D1 
Read D C—>D1H 
Read E D->DIiL 


Detect Register List Complete 


Figure 56 MOVEM Example, Operation Sequence 
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Mnemonic Addr. | on | 
Operation Mode }#[ ~ [#| 
asco B {s:n d:]} 2] 6 
Add Digits s: (Mn) d: 
aoD BW] s-On d- 
Add d:On s}2) 4 
Binary L | s:On d 
d:Dn sj2] 8 
ADDA Woidan s}2) 8 
Add Address | L [dm& s}2] 8 
AbD! B W{s Imm dq] 4] 8 
Add Immed UL }simm d)6) 16 
aooa B WIs:Imm3 d/2] 4 
Add Quick L {s tmm3 dj;2] 8 
aoox B Wis Dn d}2) 4 
Add Multi. s (mM) d 
precision L | s-0n d]2] 8 
s (Mh) d 
ANO B Wi s:0n d 
Logical And dn sf 2] 4 
L {sn d 
d:Dn s:] 2] 8 
ANOI 8 Wis lnm dla] 8 
And immed L [s Imm d@16) 16 
ASL, ASR = [BOW] count-In dd] 2 16+2 
Arithmetic count: t1~8d:] 2 [6+ 2n 
Shift L | count:0n d:{ 2 48+2a 
count: t]~8d-| 2 |8+2n 
Memory W |count=1 d: 
BCHG B [bit-Dn d= 
Test and bits=imm = d: 
Change L -|bit =f d:} 2] <8 
bitt=Imm  d:} 4 | <12 
BCLR B }bit -0n d: 
Test and bit -imm  d 
Cear C |bit#-O d{2]<10 
bitt-imm gd} 4] <14 
BSET B | bit %-fh d 
Test and bit t:imm sd: 
Set L |bitt=On ods] 2] <8 
bitt=Imm d:} 4} <12 
BTST B |bits=Dn  d- 
Bit Test bit -Imm sd: 
L [bit #-Dn = d=] 2 6 
bitsImm ds] 4 10 
CHK W <40 
Check Reg: d-fn s:| 2 
ister Against (bound) 10 
Bounds 
CLR Bw dj{2] 4 
Qear Operand | L d:} 2] 6 
cmp B Wid Oh s}2] 4 
Compare L }d:0n s}2] 6 
Binary 
CMPA Wo ]d:An s:} 2] 6 
Compare L |d-™ s:} 2] 6 
Address 
CMP! 8 W | stmm aj 4y 8 
Compare Imm.} L }s-Imm d/6] 14 
cMPM BWis(m)+ d 
Compare L |s(M)s ¢ 
Memory 
oIvs W 1d-Dn s]2/<18 
Owide Signed 
olvu W {d-Dn s]2]/< 14 
Divide 
Unsigned 
COR BW]s fn d}/2] 4 
Exclusive OR | L |s-Dn d}2] 8 
Logical 
EORI 8 W{s:Imm d{/ 4] 8 
Exclusive OR J L | s:imm ¢} 6] 16 
Immediate 
exe LU ]s:On d}/2] 6 
Exchange sn dd} 2] 6 
Registers 
ext W d] 2] 4 
Sign Extend l d:} 2] 4 
CEA lL jd® s: 
Load Effect: 
we Address 
UNK disp'imm —s- 
Link and 
Nlocate 


Note : Refer to“ Condition Code Computations” 
as tor condition Code. 

%* Word only 

<) Maximum vatue 

#%: Number of Program Bytes 

~;Number of Clock Periods 


880 











trap 


“n- 
trap 











~ 


VVYMENNYNYNDN 


Manrnnn 


RONMN 


nnw 


om 


12 
8 

20 
M4 


28 


12 
16 


12 
16 


<4 
14 


12 
20 


14 


10 
14 


< 162 


< 144 


12 


16 
28 











WN MEOUYYNYNN 


PeEnrnnnn 


mrenty 


pene 


RNID A 


<4 
14 


12 
20 


4 


10 
14 


12 


12 


< 162 


< 144 


V4 


16 
28 








NVRIMENUNYNNYNAN 


iS) 


Men nnrnnr 


VOOM N 


mn 


on 


< 164 
< 146 
14 
22 


18 
30 





A: Address Register # 
C: Test Condition 


O; Data Register # 


Oneness PeOMane ane 


De 


on 








aaee 


a> 


e: Source Ettective Address 
E: Destination Effective Address 


Table 25 


16 
12 
24 
18 


32 


16 
16 
20 


<48 
18 
16 
24 
12 
18 


14 
18 


16 
24 


< 166 
< 18 
16 
24 
20 





32 


Instruction Set 


Seana arane 
RON aAabeae 
ARASZWOMMAMHHMH 











Opcode Bit Pattern Key 
f ; Direction; O— Right. ]—Left R: Destination Register 
M: Destination EA Mode S: Size: 00- Byte 
P; Displacement 01 Word 
Q: Quick Immediate Data 10-Long Word 
r: Source Register 11 Another Operation 
Vi Vector = 
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0006 0110 
0101 QQQ0 


1110 000F 
0000 rrr) 
0000 1000 
0000 rrrl 
0000 1000 
0000 rrri 
0000 1000 
0000 rrrl 
0000 1000 
0000 rrrl 
0000 1000 
0000 rrr] 
0000 1000 
0000 rrrl 
0000 5000 
0000 rrrl 
0000 1000 
0100 DDDI 





0100 0010 
1011 DDDO 


0000 1100 
1011 RRRI 


1000 DDDt 
1000 DDDO 


10llorrrl 
0000 1010 


| 1100 ppb! 

100 AAAI 
| 1100 DoDI 
100 1000 
100 1000 


0100 AAAI 


I 
I 
! 
0 
0 


0100 1110 





01° Byte 
10 Long Word 
11 Word 


7654 3210 


0000 Orrr 
0000 Irrr 
SSEE EEEE 
SSee eeee 
IOEE EEEE 
lee eeee 
llee eeee 
Ilee eeee 


SSEE EEEE 
SSEE EEEE 


$500 
$s0o 
1000 
1000 
SSEE 
SSee 


Orrr 
Ieee 
Orre 
Irrr 
EEEE 
ecee 
IOEE EEEE 
lOee eeee 
SSEE EEEE 


$S10 ODDD 
$S$00 ODDD 
1010 ODDD 
1000 ODDD 
1tEE EEEE 
OIEE EEEE 
OIEE EEEE 
O1EE EEEE 
O1EE EEEE 
IOEE EEEE 
IOEE EEEE 
10EE EEEE 
10EE EEEE 
|tEE EEEE 
| 1EE EEEE 
I TEE EEEE 
}1EE EEEE 
OOEE EEEE 
00EE EEEE 
OOEE EEEE 
QOEE EEEE 
lee eeee 


SSEE EEEE 


SSee eeee 


llee eeee 
llee eeee 


SSEE EEEE 
$S00 Irrr 


llee eeee 


llee eeee 


SSEE EEEE 


SSEE EEEE 


0100 ODDD 
0100 TAAA 
1000 [AAA 
1000 ODDD 
1100 ODDD 
Hlee eeee 


0101 OAAA 


In the MOVE a 





dl0+sl0+X—d 


d+h--+d 
On +s—n 
d+On-~d 
On +s Dn 
fat sh 


d+ t—d 
d+ 3-4 


d+s+X ed 


d<and>Dn—-d 
On< and >s~*Dn 
d<and>Dn-+d 
Dn<and>s—*fn 
d<and> #—-d 


Tat ° 


C 
Right xX 


~(bit) # of dz, 
~(bit) # of d-—> 
(bit) # of d 





~(bit) # of d—2, 
O-(bit) # of d 


~(dit) Hof d—7, 
I+(bit) # of d 


~(bit) # of d-Z 


If On<0, or 
Dn > (bound), 
then trap 


d —>MPU 
Od 


Oh—s 


0n32/s16—> 
On(r-q) 
0n32 ’s16—> 
On(rq) 


det—d 


det—dq 


sod 


bit 7-+bit 8~15 
bit 15-bit 16~3? 
som 


SP +disp—sP 





(to be continued) 
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Opeede Bit Pattern 
(itt 
5482 1098 


























[om [an | cy [ tans] cana] attr) fan] ew | ana | eth) larexlpre 
EN C2 Ce Cee 





7654 $210 


$$10 IDDD 
$s00 IDDD 
1010 IDDD 




















































































































































































































































































































1000 IDDD 
2°] 12 [2*] 12 |2°| 14 /4*) 16 Jae 6° HEE EEEE 
2 2} 8 }2] 8 }2] 814] 12) 4 6 MMee eeee 
2 2] 8 F2} 8 12] 844] la 6 
2 2) 12 | 24 12) 2 1244] 6h4 6 
2 2| 12 | 2) 12) 2 12) 4] 1644 6 
2 2] 14 ]2] 1442 14] 4] 1) 4 6 
4 4) 16/)4] 16/4] 16/6] 20/6 8 
4 4/ 1/4; 18] 4; 18/6; 276 8 
s| 4 4) 16/4] 16/4] 16/6] 20) 6 8 
6] 6 6] 2014] 20/]6] 2/8] 4/8 10 
a! 4 4) 1634] 16)4] 16)/6! 216 8 
d:{ 4 4] 18} 4] 18) 4] 18; 6) 22/6 8 
4:| 4 4) 12/4] 12)4]) 12; 6] 16/6 8 
d:| 2 2} 12] 2] 12; 2] 12) 4] 16] 4 6 
a} 2 2] 12] 2] 12 ;2] 12] 4) 1644 6 
d:} 2 2) 2042] 2)2)] O14) 24) 4 6 
&/ 2 2} 2a }2} 20] 2] 20)4) 24} 4 6 
a) 2 2) 22] 2) 2212) 2} 4] 6/4 6 
d:| 4 4] 2414] 24] 4) 2; 6) B76 8 
a:] 4 4] 2614} 2644) 2616) 3046 8 
d:| 4 4) a4 14] 24] 4] 24/6] 2/6 8 
d:| 6 6] 2 )]4] 2/6) 2/8) 3218 10 
=| 4 4) 24/4] 21/4) 24)6) 2816 8 
d:| 4 41 214) 214) 2616] 3016 8 
4:| 6 6] 20/61 216] 20/8] 218 10 
MOVE w s:] 2 2] 1 J 2] 6 )2)] BW) 4) Oo] 4 6 0100 0100 | llee eeee 
Move to Con: 
dition Codes 
MOVE wW 2 1 4) 22] 4] 16 | 0100 O110 | Ilee eeee |S +R 
Move to ‘from 0100 0000) IIEE EEEE | ¢—-MPU 
Status Reg 
MOVE L 0100 1110} 0110 LAAA | USP-om 
Move to ‘from 0100 $110] 0110 OAAA | A USP 
User SP(A7) 
MOVEA W 12 0011 AAAO | Olee eeee 
Move Address] L 16 {4 18 | 6{ 12 | 0010 AAAD} Olee eeee 
MOVEM W 0100 1000] I0EE EEEE | % +¢ 
Move Multipte a7~a0 d7~ d0t 
Registers 16+4n} 6 | 18+ 4a) 0100 1100 | 10ee eeee | s *Xn** 
a7~a0 d7~40 
L 0100 1000] IIEE EEEE | Xn *¢ 
a7~al d7~d0t 
16+8n) 6 |18+8n 0100 1100) llee eeee| s Mne* 
a7~a0 d7~ 40 
MOVEP w 0000 DDDI | 1000 1AAA | On od by bytes 
Move 0000 DDD! | 0000 TAAA | 5 *O& by bytes 
Peripheral L 0000 DDD! | 1100 EAAA | On d by bytes 
0000 DDDI | 0100 1AAA | s *Mn by bytes 
MOVEQ L 0111 DDDO } QQQQ QQQQ | = +h 
Move Quick 
MULS W 1100 DDDI | llee eeee | Xs +n 
Multiply 
Signed 
MULU w 1100 DDDO| tlee eeee | Inxs “fh 
Multiply 
Unsigned 
waco B 0100 $000] OOEE EEEE | 0-d10-X od 
Negate Digit 
WEG BW 0100 0100} SSEE EEEE | 0-d +d 
Negate Binary] L 
WEGX BW 0100 0000] SSEE EEEE | 0-d--x od 
Negate Mult | L 
precision 
wor Bw 0100 0110 | SSEE EEEE ; ~d 
Logical L 
Complement 
OR BW 1000 DDDI | SSEE EEEE | d<or>Dn +¢ 
Inclusive OR 1000 DDDO | SSee eeee | <or>s-+n 
Logical L 1000 DDD! | 10EE EEEE | d<or>Dn- +d 
1000 DDDO | Idee eeee | N<or>s-mh 
oni 0000 0000} SSEE EEEE | d<or> % +d 
OR immediate 
PEA 0100 1000] Olee eeee | s +-(SP) 
Push Effect: 
we Address 
ROR, ROL 1tlOrer¢ | SSI1 tDDD 
Rotate 
without X $$01 IDDD 
count: #1~8 d= 1081 IDDD 
Memory count: 1 : 1001 IDDD 











IEE EEEE 


Note : Reter to”Condition Code Computations” Opcode Bit Pattern Key 

as tor condition Code. A; Address Register # t ; Direction; O—Right, 1—-Left R: Destination Register 
* “Word only C; Test Condition M; Destination EA Mode S; Size; 00-Byte In the MOVE Instruction 
<i Maximum vatue D; Data Register # P: Displacement 01~Word 01-Byte 
#. Number of Program Bytes @: Source Eftective Address Q: Quick Immediate Data 10—Long Word 10-Long Word 
~;, Number of Ctock Periods E: Destination Etfective Address t; Source Register 11—Another Operation 11-Word 

V; Vector & 

* 9; The MPU goes through an extra 

null reed cycle after a multiple read is done (The last EA+2). (to be continued) 
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Operation 





ROXR,ROXL|B W 
Rotate 
through X L 


Memory Ww 
$8co 8 
Subtract 
digits 
Sce 8 
Set 
Conditionally 
sus BW 
Subtract 
Binary L 


SUBA Ww 
Subtract L 
Address 
sual BW 
Subtract t 

Immediate 
susa BW 
Subtract L 

Quick 
Susx Bw 
Subtract 
Multiprectsion} L 


Swap Ww 
Swap Regrs 
ter Halves 
Tas 8 
Test and Set 
Operand 
TST BW 
Test L 
UNLK 
Untink 


count:On d= 
count: #1~ 8d: 
count=Dn d: 
count: #1~ 8d: 
count: 1} da: 
sn d: 


s:imm d 
$ (mm d 


s Imm3 
simm3 


s Dn 
s (Mm) 
s On 
s (Mm) 


aaaaa 


12 


20 
14 


RWNNNYNN 


14 


16 


a 
nm 
o 


VON NUAND 
= 


> 
a 


14 
10 
22 
16 
14 
16 


RVNNYNNNY 


ca 


18 
30 


a 


2] 4 





12 
16 





Opoede Bit Pattern 






4321098 7654 3210 


Orrrf | $S11 ODDD Cohe« +e80* 
0 QQQt | S01 ODDD [maby 

O rrrf } 1011 ODDD 

0 Qagf | 1001 ODDD cor} 

0 010f | [IEE EEEE | cX~_Leftn 

© RRR} | 0000 Orrr 

O RRRI | 0000 Jerr |dl0-sl0X 0 ‘eee 


4°] 18 |4*] 16 |6*} 20 


Coonan — 
oor -—— 


4) 18} 4] 16} 6] 2 0101 CCCC | IIEE EEEE }d—>-MPU Te 
If cc true.t’s +d 


Else, O's +d 

20 100! DDD) } SSEE EEEE |d¢-On +¢ *HRKH 
16 }4] 12 14] 14 [4] 8 | 1001 DDDO | SSee eeee |In-s *h 

28 1001 DDDI | 10EE EEEE jd-Dn +d 

22 14+ 18 | 4] 2 | 6] 14 | 1001 DDDO | l0ee eeee |fn-s +h 

2% 14] 16 [4] 18 | 4] 12 | 100) AAAO | tlee eeee |Msr7M Jr... 
22.14) 18 [4] 20 | 6] 1 | 100) AAAI | llee eeee 


16 
12 
24 
18 


18 
14 
26 


18 


Paeean 
fee ee 
MAMMMHMH 


18 
0000 0100 | SSEE EEEE jd 2 +d aE 


on 

8 
On 
SR 


32 | 10 


aS 


16 | 6] 20 0101 QQQI | SSEE EEEE |d # -d eR EH 
24/6 


1001 RRRI | SS00 Orrr \d s X od ee REE 
1001 RRR? | $S$00 Iere 
1001 RRRI | 1000 Orre 
100) RRRI | 1000 drer 
0100 1000 ) 0100 ODDD }0n(31:16)<—— -**00 
On( 15:0) 


a{ 2 |4] 18 {6| 2 0100 1010 | 11EE EEEE |test ¢ *cc ~ #00 
1 bit 7 of d 





4) 14 ]4] 12 | 6] 16 0100 1010 | SSEE EEEE |test d-~cc - "#00 
4/18 | 4{ 16 {6| 2 
0100 1110 | 0101 [AAA JASE ee 


ti ae (SP) + +h 




















Branch Ww 
Conditionally 


BRA 8 
-| Branch Ww 
Always 
BSR 8 
Branch 
to Subroutine | W 
OBce Ww 
Decrement 
Counter, & 
Branch Untel 
Con dition: 
True or 
Count: 1 
jmp 

dump to 
ISR 

Jump to 
Subroutine 
woP 

No Operation 
RESET 
Reset Exter- 
nal Devices 
RTE 

Return from 
Exception 
RT™ 

Return from 
Subroutine 
Restore OC 
ats 

Return from 
Subroutine 
STOP 

Load SR Stop 
TRAP 

Trap 








TRAPV 
Trap if 
Ove rflow Set 





disp 
disp 


disp 
disp 
disp 


disp 
disp Imm 


counter 








10 false 
12 true 
4 talse 





132 


20 





4 


H | Trap taken 
4 jTrap not 
taken 


Note | Refer to”Condition Code Computations 
as for condition Code. 


*® Word only 
<: Maximum value 


#. Number of Program Bytes 


~; Number of Clock 


882 


Periods 


expired 











Branch 
yes 
n0 

no 














A: Address Register # 
C: Test Condition 

D: Data Register # 

e: Source Effective Address 


E: Destination Effective Address 








T | 7 bra taken} 2] 10 | 0110 CCCC | PPPP PPPP jif cc te 8 fF -- 2+ 
bra not taken | 2] 8 PC+disp +PC 
bra taken |] 4] 10 
bra not taken | 4] 14 
2} 10 | 0110 0000 | PPPP PPPP /PC+disp PC = |} ~~ = + - 
4| 10 
2} 2 | 0110 000] | PPPP PPPP |PC + (SP), J} we - 
PC + disp +PC 
41 2% 
0101 CCCC | 1100 IDDD |if cc false, | ----- 
Dn-1-+Dn & if 
Ons -1,PC+ disp PC 
Else, NOP 
4] 10 } 4] 14 10 12 |}4] 10 | 4] 14 0100 1110 | IEE EEEE j¢-PC Sus Spee 
4] 18 | 4] 22 18 20] 4] 18 [44 22 0100 1110 | 1OEE EEEE |PC +-(SP),d+PC | ----~- 
0100 1110 7 O11) 000) Jnone = Faneee 
0100 1110 | OI 1 0000 Jassert RESEY pn | ----- 
0100 1210 | O1LE OOLT ((SP)+ +R, eeeee 
(SP) + +PC 
0100 1110 | OlL? OFLE [(SP)+ +00. ek ee 
(SP) + +PC 
0100 1110 JOLIE Ofol [(SP)+ sPC 8 J ee eee 
4] 4 10100 1110 | O11) OO80 | & +SR Wart for 2EREE 
0100 1130 | 0100 VVVV * es es 
0100 1110 | OLLI O10 Jive Pcs J ----- 
-(SSP).SR + (SSP? 
(TRAPY vector) PC 
aise, NOP 





























. Opcode Bit Pattern Key 
t : Direction; O— Right, 1—Lett R: Destination Register 


M; Destination EA Mode S: Size: 00- Byte In the MOVE Instruction 
P; Displacement 01-Word 01-Byte 
Q: Quick Immediate Data 10—Long Word 10-Long Word 
: Source Register 11—Another Operation \11~ Word 
Vi Vector = 


4) HITACHI 








= INSTRUCTION FORMAT SUMMARY 

This provides a summary of the first word in each instruction 
of the instruction set. Table 26 is an operation code (op-code) 
map which illustrates how bits 15 through 12 are used to 
specify the operations. The remaining paragraph groups the 
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instructions according to the op-code map. 
where, Size; Byte = 00 Sz; Word =0 
Word = 01 Long Word = 1 
Long Word = 10 


Table 26 Operation Code Map 








15 id 12 Operation 
0000 Bit Manipulation/MOVEP/immediate 
0001 Move Byte 
0010 Move Long 
0011 Move Word 
0100 Miscellaneous 
0101 ADDQ/SUBO/S¢c/DBec 
0110 Bec 
0111 MOVEQ 
1000 OR/DIV/SBCD 
1001 SUB/SUBX 
1010 (Unassigned) 

1011 CMP/EOR 

1100 AND/MUL/ABCD/EXG 
1101 ADD/ADDX 

1110 Shift/Rotate 

1111 (Unassigned) 


(1) BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS 


Dynamic Bit 


15 14 13 12 11 0 


6 5 4 3 2 1 0 





1 9 8 7 
0 0 0 Register 44 Type 2 


Effective Address 





Static Bit 


15 14 13 


6 5 4 3 2 1 0 





12 11 10 9 8 7 
rote fe[+[ele[o] wm Cth 


Bit Type Codes: TST = 00, CHG = 01, CLR = 10, SET = 11 


MOVEP 


Register 


8 7 6 





5 4 3 2 1 8) 
fo fo [+] Reiner | 


Op-Mode 


Op-Mode; Word to Reg = 100, Long to Reg = 101, Word to Mem = 110, Long to Mem = 111 


OR Immediate 


15 14 13 12 11 10 9 
0 0 0 8) 0 0 





AND Immediate 


15 14 13 


7 6 5 4 3 2 1 0 





Effective Address 


4 3 2 1 0 





CeTe[e[o[eyel+ oe] a | 





Effective Address 
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SUB Immediate 
15 14 11 4 3 2 1 0 
i SC 
ADD Immediate 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


[o[ofofofo[+[+]o] sm» | teense | 


EOR Immediate 





15 14 13 12 11 4 3 2 1 0 


efefetel te [le] we | eewae 


CMP Immediate 


14 13 12 10 4 3 2 1 0 


pe oeis eee Size Effective Address 


(2) MOVE BYTE INSTRUCTION 


ice} 
© 
~ 
o 
a 





MOVE Byte 


8 7 6 5 4 3 2 1 1?) 


13 
Destination Source 
Register | Mode Mode | Register 


(3) MOVE LONG INSTRUCTION 








MOVE Long 


14 13 12 11 8 7 6 5 4 3 2 1 0 


ah he Source 
Register Mode Mode i Register 


(4) MOVE WORD INSTRUCTION 








MOVE Word 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Destination Source 
0 0 1 1 L Mode 


Register il Mode Register 








(5) MISCELLANEOUS INSTRUCTIONS 
NEGX 
14 13 12 11 10 4 3 2 1 0 
Ae CT A De 
MOVE from SR 


15 14 12 5 4 3 2 1 0 


(soe 1 SE aE ic Fin P 0) fro is fa [ Effective Address | 








CLR 


11 10 6 5 4 3 2 1 0 


sce Kw o fo | ait z 0 ie size | —_Effective Address | 
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NEG 


4 3 2 1 0 


14 11 
BO 


MOVE to CCR 


1514 8 7 6 5&6 4 3 2 1 0 
Pesan a ie 0 BE 1 ies [0 1 | 1 Effective Address 
































NOT 
16 «14 a 12 ia 5 4 3 2 71 0 
Leelee ee en eee 
MOVE to SR 
15 14 #13 «12°41 #10 9 8 7 6 & & 3 2 1 0 
Pee or eco eo | att 0 1 | 1 | Effective Address | 
NBCD 
15 14 #13 «12°91 «10209 8 7 6 & 4 3 2 4 + 0 
BG PC A 
PEA 
14 «13°~«12 3 2 1 + 0 
ice (ee oedipal 
SWAP 


14 13 12 11 
re Ts ope ts [ope pe peps pele pe rk 


MOVEM Registers to EA 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


fo fa jo fo [4] 0 fo | o | 4 | ss Effective Address 














EXTW 
a a a Se Oe ee, 
o}/1{ofof1f{ofof}ojf1{ofo}o]o 
EXTL 
14 12 
roT+Tele[s[efele[+[+ tele le] rane] 
TST 
14°130«12—~«41 4 3 2 #1 «0 
fe co fee oc eel as | ee 
TAS 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


po f+ fofotsfoltrfoti |i] ettecrive address | 
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886 


MOVEM EA to Registers 
1 0 


14 3 2 
CNC I A 























TRAP 
15 14 «#«13°«1220«291”~:—=«<O10's:i«‘a “eC BllUDttCGC KC HCO 
Ce YC Ts TA 
LINK 
15 14 #13 12°11 #10 #9 8 7 6 5 4 3 2 14 0 
o | 1 G2 ).0- 4 [a a) OL) orl] o [1 fo Register 
UNLK 
16 14 «13°12 °17 «210 9 8 7 6 & 4 3 2 14 0 
o]i1fofofsaf]1]f1fofof1 fo fs |i] Register 
MOVE to USP 


aa ie is | 7a) 5 | ; | ; i GG [ a ae ee : 


MOVE from USP 








14 13 12 11 


Ce OA 






































RESET 
14 1 
i OO 
NOP 
4° #13 °«1202«21 5 4 3 2 14 0 
cn EmE me. Em Cie eons [+ [i fofofo]:] 
STOP 
15 14 #13 «12 7 6 & 4 3 2 4 
ret Te pep ype pep yt pepe ps 
RTE 
15 14 #13 #712 °11 «#10 9 8 7 6 & 4 3 2 1 «0 
A AC 
RTS 
15 14 #13 «12°91 «10 49 8 7 6 0 
0 i) 0.i)0 1 i> (ia. Odo aint 1 [o | 4 o [1 | 
TRAPV 





9 8 j7 6 5 #4 
TEE SUE sf 08 estes ahs aes Fal tos pa a | 
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RTR 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
$5 I EE OO GO 
JSR 
15 14 13 12 11 10 9 8 a 6 5 4 3 2 1 ie) 
Pots fofol:[:][+]o[1 [eo]  eectiesaien | 
JMP 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ie) 
rete yopeq+t+ [+ [eo [+ [+ | eres naaes 
CHK 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ots [ole] row [1 [+ fo] etenieauies | 
LEA 


15 14 13 12 11 


= 
oO 
fos) 
~“N 
a 
on 
A 
wo 
nN 
= 
o 


Register Effective Address 


(6) ADD QUICK, SUBTRACT. QUICK, SET CONDITIONALLY, DECREMENT INSTRUCTIONS 





ADDO 
15 1a. AS. AS A BF. IBN BS Se oe. oh a 
ie Go ef ee eee 
SUBQ 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Kee ee 
Scc 
ee cs a a a Cr | 
pha) aa i ea 
DBcc 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
fo[s [ets] contin [1 [x e[o[+] faim | 


(7) BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION 





Bec 
15 14 #13 «12°11 «10 #9 #8 7 6 5S 4 3 2 1 0 


PO: i} $A) Oe Condition 8 bit Displacement 





BSR 
15 14 13 7 6 5 4 3 2 1 0 


12 11 10 9 8 
Oe fat cae se | 01) sO 2) b0r ws 8 bit Displacement 


(8) MOVE QUICK INSTRUCTION 


MOVEQ 
15 14 #+13 #12 «11° «10° «9 8 


fots [+ [+] rawr To | oa 


~ 
o 
a 
bh 
wo 
NRO 
- 
oO 


@ HITACHI 887 


HD68000,HD68000Y 


(9) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 


OR 15 14 #13 #12 °«°91 «1 5 4 3 2 +14 «0 


i] 9 8 7 6 
fo Lo [o | Aer | Opmode Cctv Ades 


Op-Mode 
L 


000 001 010 Dn v EA>Dn 
100 101 110 EA v Dn > EA 


@ 
= 


DIVU 
16 14 #13 #12 «11 «10 9 8 7 #6 5 4 3 2 1 ) 
ft fo fo fo] Revie fo fs [st | ettective accross 
DIVS 
16 14 #13 #12 #211 «#10 #9 8 7 6 5 4 3 2 #14 «0 
ft fo fo fo | Revister [1 [i [1 | effective address | 
SBCD 


14 13 12 11 


16 10 9 8 7 6 5 4 3 2 1 (0) 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(10) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 


SUB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ro To [1] Raiser | Opmods [Etec Agar 
Op-Mode 
B L 
000 001 010 Dn—EA > Dn 
100 101 110 EA—Dn>EA 
— 011 111 An—EA > An 
SUBX 


13 12 11 10 9 


15 14 8 7 6 5 4 3 2 1 0 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(11) COMPARE, EXCLUSIVE OR INSTRUCTIONS 


CMP 
1§ 14 13 12 #11 #10 9 8 7 6 5&5 4 3 2 +14 «~°0 
cope ps D1) mone [omen [ee nae 
Op-Mode 
B oW OL 
000 001 010 Dn—EA 
— 011 111 An—EA 
CMPM 16 14 #13 #12 #11 #10 9 #8 7 6 & 4 383 2 #7 «0 
fests] reer [1 [ae Po fo [+] tae] 
EOR 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Ceo pt [1 [Feiner [1 [See [Rete Aare 
(12) AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 
AND 


14 13 5 4 3 2 1 QO 


15 12 11 10 9 8 7 6 
ri [a To [To [ mewmer | Opmoce | _ettsiv aaa 


Op-Mode 
L 


000 001 010 Dn AEA>Dn 
100 101 110 EA ADn->EA 
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MULU 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
crt fe [eo] Feiner Lo [+ [1] erste Asses 
MULS 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ee 
ABCD 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Register 
R/M (register/memory): register — register = 0, memory — memory = 1 
EXGD 
16 14 13 12 #11 #10 = «9 8 7 6 5 4 3 2 1 0 
Ci [1 [oo] onwreomer [1 [o]+[o]o [o | oneness 
EXGA 
15 14 13 12 41 10 9 8 7 6 5 4 3 2 1 0 
Cr Tt [Lo [oo [asa resiver [1 fo [+ fo [0 | 1 | Asse Reine 
EXGM 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 (0) 
Ces Lo Lo] omens [1 [spo fo [o | | Ads reser 
(13) ADD, ADD EXTENDED INSTRUCTIONS 


ADD 
15 14 13 7 6 5 4 3 2 1 0 


12 41 10 9 8 


Op-Mode 
B Ww L 
000 001 010 Dn+EA>Dn 
100 101 110 EA+Dn—>EA 
— O11 111 An+EA>An 


ADDX 
15 12 11 #10 9 
1 


14 13 8 7 6 5 4 3 2 1 0 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(14) SHIFT/ROTATE INSTRUCTIONS 


Data Register Shifts 


15 14 13 12 11 10 9 8 7 6 5 4 3 


Pe ie | 1 Lo | Count/Register d Size i/r Type Register 


Memory Shifts 


LS) 
= 
Oo 





: 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 
| 1 1 | 1 [0 | 0 | Type [a | 1 [1 | Effective Address 


Shift Type Codes: AS = 00, LS = 01, ROX = 10, RO = 11 
d (direction): Right = 0, Left = 1 
i/r (count source): Immediate Count = 0, Register Count = 1 





i 
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= INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. 
In this timing data, it is assumed that both memory read and 
write cycle times are four clock periods. Any wait states caused 
by a longer memory cycle must be added to the total instruc- 
tion time. The number of bus read and write cycles for each 
instruction is also included with the timing data. This data is 
enclosed in parenthesis following the execution periods and 
is shown as: (r/w) where r is the number of read cycles and 
w is the number of write cycles. 


(NOTE) The number of periods includes instruction fetch and all ap- 
plicable operand fetches and stores. 


@ EFFECTIVE ADDRESS OPERAND CALCULATION 

TIMING 

Table 27 lists the number of clock periods required to com- 
pute an instruction’s effective address. It includes fetching 
of any extension words, the address computation, and fetch- 
ing of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 


@ MOVE INSTRUCTION CLOCK PERIODS 

Table 28 and 29 indicate the number of clock periods for 
the move instruction. This data includes instruction fetch, 
operand reads, and operand writes. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). 


@® STANDARD INSTRUCTION CLOCK PERIODS 
The number of clock periods shown in Table 30 indicates 





the time required to perform the operations, store the results, 
and read the next instruction. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must 
be added respectively to those of the effective address calcula- 
tion where indicated. 

In Table 30 the headings have the following meanings: An = 
address register operand, Dn = data register operand, ea = an 
operand specified by an effective address, and M = memory 
effective address operand. 


@ IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 31 includes 
the time to fetch immediate operands, perform the operations, 
Store the results, and read the next operation. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective 
address calculation where indicated. 

In Table 31, the headings have the following meanings: 
# = immediate operand, Dn = data register operand, An = ad- 
dress register operand, M = memory operand, CCR = condition 
code register, and SR = status register. 


@ SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 32 indicates the number of clock periods for the 
single operand instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


Table 27 Effective Address Calculation Timing 














Addressing Mode Long 

Register 
Dn Data Register Direct 0(0/0) 0(0/0) 
An Address Register Direct 0(0/0) 0(0/0) 

Memory 
An@ Address Register Indirect 4(1/0) 8(2/0) 
An@ + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 
An@ - Address Register Indirect with Predecrement | 6(1/0) | 10(2/0) 
An@(d) Address Register Indirect with Displacement 8(2/0) 12(3/0) 
An@(d, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx. W Absolute Short 8(2/0) 12(3/0) 
xxx. L Absolute Long 12(3/0) 16(4/0) 
PC@(d) Program Counter with Displacement 8(2/0) 12(3/0) 
PC@(d, ix)* Program Counter with Index 10(2/0) 14(3/0) 
#Xxx immediate 4(1/0) 8(2/0) 


* The size of the index register (ix) does not affect execution time. 
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Table 28 Move Byte and Word Instruction Clock Periods 


Destination 

















Source pn] An | An@ | An@+ | An@- | An@(d) [An@(d,ix)"| xmxW | xxxL 
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An@ 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@+ 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@ - 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1) 
An@(d) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) | 24(5/1) 
An@(d, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
xxx. W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
xxx, L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1) 
PC@(d) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
PC@(d, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
#XxX 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 








* The size of the index register (ix) does not affect execution time. 


Table 29 Move Long Instruction Clock Periods 


Destination 























hue Dn An@+ | An@- | An@(d) [An@ld,ixi*| mocw | xox b 
Dn 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
An@ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) | 28(5/2) 
An@ + 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
An@ - 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2) 
An@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
An@(d, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
xxx, W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
Xxx, L 20(5/0) 20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2) 
PC@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
PC@(d, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
FXXX 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 








* The size of the index register (ix) does not affect execution time. 


Table 30 Standard Instruction Clock Periods 


























































































Instruction Size op <ea>, An op<ea>, Dn op On, <M> 
ADD Byte, Word 8(1/0) + 4(1/0) + 8(1/1) + 
6(1/0) + ** 6(1/0) + ** 12(1/2) + 
Byte, Word 4(1/0) + 8(1/1) + 
6(1/0) + ** 12(1/2) + 
cmp Byte, Word 6(1/0) + 4(1/0) + _ 
Long 6(1/0) + 6(1/0) + - 
DIVS - - 158(1/0) + * _ 
DIVU -~ | ~ 140(1/0)+* | = 
eon Byte, Word I = | 41/0) mtx i a 8(1/1) + 
Long = 8(1/0) *** 12(1/2) + 
MULS a - - el 70(1/0) + * _ 
MULU - - 70(1/0) + * — 
| Byte, Word —- = rao) BA) 
OR = = a rs 
|___Long ee - {_6(1/0) + 12(1/2) + 
Sai Byte, Word 8(1/0) + a(1/o)+ | 8(1/1) + 
Long 6(1/0) + ** 6(1/0) + ** 12(1/2) + 
+ add effective address calculation time ** total of 8 clock periods for instruction if the effective address is register direct 
* indicates maximum value *** only available effective address mode is data register direct 
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Table 31. Immediation Instruction Clock Periods 


Instruction 


| Byte,Word | (zo) | - | 122+ | 
| bong | 61/0) | = | 2018/2) + 
Byte, Word | aia) _|  — —~*| rarenv+_| 
| tong | 16t3/0) | = 2013/1) + 
Long 14(3/0) 
ee Cee 
16(3/0) |  —- — | 20(3/2)+ 
tog | ato) fd 

F Byte, Word | sao) _| - | tai@n+ 
P tong | tego) | ——~*«d«C a 
Byte, Word | 820) | ~—_~+| 20a) 
| tong | t6(3/0) | i, 208/2) + 
a(1/t)4 


ADDI 


ADDQ 


ANDI 


CMPI 


8(2/0) 


EORI 





MOVEQ 


ORI 


SUBI 


SUBQ 





r2{072)+ 


+ add effective address calculation time 


* word only 
Table 32 Single Operand Instruction Clock Periods 

SE atv aint 
6(1/0) 12(1/2) + 
NBCD 6(1/0) 8(1/1) + 
wee a(1/o) | 81/1) + 
6(1/0) 12(1/2) + 
ee avo [aus 
6(1/0) 12(1/2) + 
+ 

ae 4(1/0) 8(1/1) 
6(1/0) 12(1/2) + 
4(1/0) 8(1/1) + 
= a(1/0 ati/n)+ 
TAS 4(1/0) 10(1/1) + 
a 4(1/0) 4(1/0)+ 
4(1/0) 4(i/0)+ 


+ add effective address calculation time 


| Size | op#,Dn | op#An | op#,M__ | op#, CCR/SR 


20(3/0) 
20(3/0) 
20(3/0) 


@ SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 33 indicates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write 
cycles is shown in parenthesis as: (1/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 
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@ BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 34 indicates the number of clock periods required for 
the bit manipulation instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation 
where indicated. 
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® CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 35 indicates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 
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@ JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 
PERIODS 
Table 36 indicates the number of clock periods required for 
the jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The num- 
ber of bus read and write cycles is shown in parenthesis as: (r/w). 


Table 33 Shift/Rotate Instruction Clock Periods 


Sie «Register 
6 + 2n(1/0) 
8 + 2n(1/0) 
8+ 2n(1/0) 














Memory 
8(1/1) + 






Instruction 





ASR, ASL 








1 
LSR, LSL Sus 











ROR, ROL 










1) + 
ROXR, ROXL eu) 






Table 34 Bit Manipulation Instruction Clock Periods 














Dynamic Static 


ave | - | aum+ | - | 
bee een  T 
[oye [| - 
[ters | um | — | 10am | 


+ add effective address calculation time 
* indicates maximum value 


Instruction 










BCHG 






BCLR 














BSET 












BIST 8(2/0) + 


Table 35 Conditional Instruction Clock Periods 


: . Trap or Branch 
Instruction Displacement 


Trap of Branch 














Not Taken 

; 8(1/0) 
= 12(2/0) 
- 

Byte 18(2/2) = 

ie - 
CC false 10(2/0) 14(3/0) 

CHK TO(1/0) + 
TRAP 34(4/3) - 
TRAPV 34(5/3) 4(1/0) 


+ add effective address calculation time 
* indicates maximum value 
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods 


Sie | Ane | Anes fave | aneicl_[aneta.t"| oow [mot | Foes | 
a a a 













PC@(d, ix) * 
14(3/0) 





































































































































































JSR 16(2/2) Ce 22(2/2) ar 22(2/2) 
LEA 4(1/0) 8(2/0)| — 12(2/0) 8(2/0) cs 12(3/0) | (2/0) 12(2/0) 
PEA ~ 12(1/2) 16(2/2) | 20(2/2) | 16(2/2) | _20(3/2) 20(2/2) 
MOVEM | Word 12+4n 12+4n 16+4n 18+4n 16+4n | 20+4n 16+4n 18+4n 
of (3+n/0) | (3+n/0) (4+n/0)| (4+n/0) | (4+n/0) | (S+n/0) | (4+n/0) (4+n/0) 
eRe fe 12+8n | 12+8n = 16+8n 18+8n ) 16+8n | 20+8n| 16+8n 18+8n 
ong | (3+2n/0) | (3+2n/0) — | (4+2n/0) | (4+2n/0) | (44+2n/0) | (5+2n/0) | (44+2n/0) | (44+2n/0) 
8+4n 8+4n 14+4n 12+4n 
R->M Lon 8+8n 8+8n 12+8n 14+8n 12+8n 16+8n 
g (2/2n) (2/2n) | (3/2n) (3/2n) (3/2n) | (4/2n) a 


nis the number of registers to move 
* is the size of the index register (ix) does not affect the instruction’s execution time 


the results, and read the next instructions. The number of read 
and write cycles is shown in parenthesis as: (r/w). 

In Table 37, the headings have the following meanings: Dn = 
data register operand and M = memory operand. 


@ MULTI-PRECISION INSTRUCTION CLOCK PERIODS 
Table 37 indicates the number of clock periods for the multi- 

precision instructions. The number of clock periods includes 

the time to fetch both operands, perform the operations, store 


Table 37 Multi-Precision Instruction Clock Periods 














Instruction 

























































Byte, Word 18(3/1) 
Pate 8(1/0) 30(5/2) 
Bye Word [= [12090 
ait Long 20(5/0) 
Byte, Word 4(1/0) 18(3/1) 
Suey Long — 8(1/0) 30(5/2) 
ABCD Byte. 6(1/0) 18(3/1) 














Byte 6(1/0) 





18(3/1) 





@ EXCEPTION PROCESSING CLOCK PERIODS 

Table 39 indicates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 


@ MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 38 indicates the number of clock periods for the fol- 
lowing miscellaneous instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indi- 
cated. 
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Instruction 
MOVE from SR 
MOVE to CCR 
MOVE to SR 


MOVEP 
EXG 
EXT 


LINK 

MOVE from USP 
MOVE to USP 
NOP 

RESET 

RTE 

RTR 

RTS 

STOP 

SWAP 

UNLK 


Table 38 Miscellaneous Instruction Clock Periods 


[Sie | Register [Memory | _Regivter > Memory _ | 
Se 
a 





Word 16(2/2) 


24(2/4) 


a oe 
eas ae ee 
Se ee ee 
Pe 7 
= ea 
aan 

ae 

aoe 

caceEe 


Long 





a0) 
a at170) 


20(5/0) 
20(5/0 








16(4/0) 
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Memory > Register 


16(4/0) 
24(6/0) 








- 4(0/0) 








- 4(1/0) 


P= 1213/0) 


+ add effective address calculation time 


Table 39 Exception Processing Clock Periods 


















Periods 
34(6/0) 
50(4/7) 
50(4/7) 
44(5/3)* 
34(4/3) 
34(4/3) 
34(4/3) 


Exception 





Address Error 
Bus Error 









Interrupt 
Illegal Instruction 








Privileged Instruction 


* The interrupt acknowledge bus cycle is assumed to take 
four external clock periods. 
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@ APPENDIX 
® THE 68000S MASK SET 

We implement the specification for HD68000-10/-12 and 
two corrections on the 68000S mask set. One of these correc- 
tions is the bus arbitration logic, and the other is a change to 
correct a RTE/RTR microcode problem. 
(1) Bus Arbitration Logic 

The problem occurs when bus grant acknowledge (BGACK) 
is asserted for only one clock cycle while bus request (BR) is 
negated. IF BR is asserted one clock cycle_after BGACK is 
negated, the processor asserts bus grant (BG) and address 
strobe (AS) at the same time (Refer to Figure 58). This, in 








turn, may cause external DMA logic to run a bus cycle at the 
same time as the processor cycle, only when those paticular 
timings are all satisfied. If the DMAC HD68450 is used, this 
problem can be avoided. Because the HD68450 negates BR 
by one clock after the assertion of BGACK. 

For the 68000S mask set, an internal hardware change is 
implemented and a timing specification (tggxppr) is added. 

If BR and BGACK meet the asynchronous set-up time 
tas1 #47, then tggxpr can be ignored. If BR and BGACK 
are asserted asynchronously with respect to the clock, then 
BGACK has to be asserted before BR is negated. 














Table 40 tgoxer Specification 






Test 
Condition 





Item Symbol 


6? 


Strobes _ 
and R/W 


4MHz 6MHz 8MHz 10MHz 12.5MHz 

Version Version Version Version Version 
HD68000-4 | HD68000-6 | HD68000-8 | HD68000-10 | HD68000-12 
Sane ae HD68000Y6 | HD68000Y8 |HD68000Y 10 wes 
BGACK “Low” to BR “High” Ee TB eo 






Unit 





BR 


BGACK 


CLK 


Figure 57 AC Electrical Waveforms — 





Bus Arbitration 


Figure 58 Bus Arbitration Timing Diagram Error Sequence 
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68000S Mask Set 68000R and 68000 Mask Set 


RA 





R = Bus Request Internal R = Bus Request Internal 

A = Bus Grant Acknowledge Internal A = Bus Grant Acknowledge Internal 

G = Bus Grant G = Bus Grant 

T = Three State Control to Bus Control Logic T = Three State Control to Bus Control Lagic 
X = Don’t Care X = Don't Care 


* State machine will not change state if bus is in SO. Refer to 


* State machine witl not change state if bus is in SO. Refer to BUS ARBITRATION CONTROL for additional information 


BUS ARBITRATION CONTROL for additional information. 


Figure 59 State Diagram of HD68000 Bus Arbitration Unit 


SP+2 
(M+2)° 


SP+2 
(M+2)* 


SP+2 


PCH-PCL+2 | 
{M+2)° ’ 


Content of 
Pragram Counter 


To Avoid this problem on 68000R mask set, users are rec- RTE instructions. These two instructions execute correctly 
ommended to choose one of the followings. provided there is no bus error. 
1) Negate BR more than one clock after the assertion of If there is a bus error on the 2nd, 3rd, or 4th bus cycle of 
BGACK. RTR or RTE, the program counter is lost. The program counter 
2) Avoid the assertion of BGACK for one clock cycle. loads the stack pointer +2 which is the same address as the 
3) Reassert BR more than two clocks later than the nega- access. The results is the program counter containing the stack 
tion of BGACK. pointer. This problem can occur on all HD68000 mask sets 
4) Use HD68450 as DMA controllers. previous to 680008. 
The fix inhibits the loading of the program counter during 
(2) RTE/RTR Microcode Problem this instruction until the 4th bus cycle. 
The error in the microcode only affects the RTR and the 
Memory 
ia 
se | SR | 
SP+2 PCH 
SP+4 PCL 
pucvle Ko Xo 2 Xs X 4 Xs) — 
Access Address sP sP+2 SP+4 pcu-ect. | powecue2 | " ATE 
' m2 [| 
1 t LI 


* ; 6B000S mask set 


Figure 60 RTE Instruction Bus Cycle 
@ HITACHI 897 


HD68450-4,HD68450-6, 


HD68450-8 





D MAC (Direct Memory Access Controller) 


Microprocessor implemented systems are becoming increas- 
ingly complex, particularly with the advent of high-performance 
16-bit MPU devices with large memory addressing capability. In 
order to maintain high throughput, large blocks of data must be 
moved within these systems in a quick, efficient manner with 
minimum intervention by the MPU itself. 

The HD68450 Direct Memory Access Controller (DMAC) 
is designed specifically to complement the performance and 
architectural capabilities of the HD68000 MPU by providing the 
following features: 


® HMCS68000 Bus Compatible 

@ 4 independent DMA Channels 

@ Memory-to-Memory, Memory-to-Device, Device-to-Memory 
Transfers 

@ MMU Compatible 

@ Array-Chained and Linked-Array-Chained Operations 

@ On-Chip Registers that allow Complete Software Control by 

the System MPU 

Interface Lines that Provide for Requesting, Acknowledging, 

and Incidental Control of the Peripheral Devices 

Transfers to/from HMCS68000 or HMCS6800 Peripherals 

Variable System Bus Bandwidth Utilization 

Programmable Channel Prioritization 

2 Vectored interrupts for each Channel 

Auto-Request and External-Request Transfer Modes 

Up to 4 Megabytes/Second Transfer Rates 

+5 Volt Operation 


The DMAC functions by transferring a series of operands 
(data) between memory and device; operand sizes can be byte, 
word, or long word. A block is a sequence of operations; the 
number of operands in a block is determined by a transfer 
count. A single-channel operation may involve the transfer of 
several blocks of data between memory and device. 
™ DMAC ACCESSIBLE REGISTERS 

1) 7 
—=— One Per OMAC 
i] Gi 

Channel 

Channel 

Re 
Control Register 

Se e 
iy 
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evice 
eratiol 
quenc 
Channel 
Control Register| 
Normal 
Interrupt Vector 
Error 
hanne 
lemory 
vice 
Bas 





One Set Per 
Channel 


1c 

ati 

juen 
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rr 

stor 
Interrupt Vector 

Channi 
Priority Register 

Memot 
Function Codes 

Devic 
Function Codes 

ase 
Function Codes 15 
Memory Transfer Counter 
Base Transfer Counter 5 
Memory Address Register 
Device Address Register 
Base Address Register 
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(DC-64) 


= PIN ARRANGEMENT 


HD68450 





(Top View) 
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® ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Supply Voltage Vec* Vv 
Input Voltage Vin* Vv 
Operating Temperature Range Tie Be 


* With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 











@ RECOMMENDED OPERATING CONDITIONS 







Supply Voltage 









Input Voltage 








Operating Temperature 


* With respect to Vsgg (SYSTEM GND) 


= ELECTRICAL CHARACTERISTICS 
© DC CHARACTERISTICS (Vcc = 5V +5%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


tem -Syrtel |_ewicordon {mio _{ ye | mm | Unit 


Input “High” Voltage | 20 | - | Vee V 


input “Low” Voltage ee ae oe Ge OC 


Input Leakage Current 

















Three-State (Off State) | ios 

Input Current TS! 

Open Drain (Off State) ' , 

Input Current oD! L 
lon =-400 yA Vv 






Output “High” Voltage | DTC HIBYTE, DDIR, DBEN, | Vou 
ACKo ees ACK3, PCLo ~PCL3, 
FCo ed FC, 


Ai ~ Az, FCo ~ FC2 


Do ~ Dis/Ag ~ Az3, AS, UD 
LDS, R/W, DTACK, BR. 
Output “Low” Voltage | OWN, DTC, HIBYTE, DDI 











lot =3.2mA 








DBEN, ACKo ~ ACK;3,UAS, 
PCLo ~PCL3, BGACK 











Power Dissipation Po 


Capacitance bas set °C, f=1MHz x 


f= 8 MHz, Voc =5.0 V 
5°C 
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LOAD A LOAD B LOAD C 

+5V +5V +5V 
Test 5009 1.411k 7102 
Point 

130pF 
ii 130pF 182074 @ 
or 
Equivalent 
Licences Do ~ Dis/As ~ Aas, AS, UDS, LDS, 
IRQ, DONE R/W, DTACK, BR, OWN, DTC, 





Ai ~ Ax, FCy ~ FC, 


HIBYTE, ODIR, OBEN, ACKy ~ ACKs, 








Figure 1 Test Loads DAS, PCL, ~PCL;, BGACK 


@ AC ELECTRICAL SPECIFICATION (Veg = 5.0V +5%, Vgg = OV, Ta = 0 ~ +70°C) 

































































No. Item HD68450-4 HD68450-6 HD68450-8 Unit 
Frequency of Operation ses | 2] 4] 2] 6 | 2] 8 | MHz 
1_| Clock Period | 260 | soo | 167 | 500 [125 | 500 | ns 
2 =| Clock Width Low tcL | 75 | 250 | 55 | 250 | ns 
3 | Clock Width High tCH 75 | 250 | 55 | 250 | ns 
6 | Asynchronous Input Setup Time tasl | 30 [ - {| 2 |] - | @ 7] - | ns 
8 | Address/Data In to Clock Low (Setup time) | 30 | - | 2 { — | 1 | = [ns 
9_| TACK Low to Data Invalid Fa a ee 
10 | Address Into AS In Low Hn SO 
11 [ AS, DS In High to Address In Invalid ttt ete tt ts ns 
12 | Glock High to BBTR Low es 
14 [8S in High to DOTA High Tnpedence | Tsuorz a 
15 | Clock Low to DEEN Low Se Oe A a ea OT 
17_| OBS In High to DBEN High Impedance | - [160 | - | 140 [| — | 120 ns 
18. | Clock High to Data Out Valid (MPU read) | — | 290 | — | 230 | [180 | ns 
19 | DS In High to Data Out Invalid | of - | of - | | — | ns 
20 | DS In High to Data High Impedance | tosHpz_| | - | 160 | — | 140 | — [120 [| ns 
23 | DTACK wiaeh Hah Ok 
24 | DS In High to DTACK High impedance _ | 220 | - | 200 {| - | 180 | ns 
25 | DTACK Low to DS In High tDTLDSH | - | of - [ of = [ os 
7 Oe 
28 | Clock High to BR High tCHBRH | 90 | — | 80 | — [| 70 | ns 
29 | BR Low to BG Low tBRLBGL ns 
31 [as] ss] 4555] 45] 68] aicper 
33 | Clock High to BGACK Low tCHBL | —- | 909 | - | 8 | —- [ 70 [ 1s 
34_| Clock High to BGACK Hh ae ee ee ee 
35 =o = eo [= 0 
28 SS 
37 = Peo [= [40 [= 120] 
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(to be continued) 





























39 _| Clock High to Address/FC/Data Invalid | tcHAzn _| 
40 Clock Low to Address High impedance . 
41 | Clock High to UAS Low tCHUL 
42 
4s 
7 
45 | Clock High to AS, DS Low 
Clock Low to DS Low (write) 
Clock Low to AS, DS High 
Clock Low to AS, DS High impedance 
49 _| AS Width Low 
50 
51 AS, DS Width High | tsH 
52_| Address/FC Valid to AS, DS Low (read) 
53 AS, OS High to Address/FC/Data Invalid | tsHaz | 
54 | Clock High to R/W Low 
55 | Clock High to R/W High 
56 Clock Low to R/W High impedance 
57 | Address/FC Valid to R/W Low 






58 


R/W Low to DS Low (write) 
DS High to R/W High 
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Clock Low to OWN Low 
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4MHz 6 MHz 
HD68450-4 HD68450-6 HD68450-8 Unit 
[min | max _[ min | max | min | max | 

Tol- | of | ns 
120 a ns 
“oe [= ns 
0 [= [70 
too [= [90 [rs 
= ns 

Sere 
| 7 | - | eo | ns 
| 80 | - { 70 | as 
[100 | - | 80 | os 
| = [25 | - [os 
nae Le ee 
ioe La es 
ae eee 
- ns 
pea 
[eo | = [70 [as 
fe erie 
ee Le 
40 - ns 
Paps 
ee 
100 - 80 ns 
- 30 - ns 
80 ~ 70 ns 
a0 m 
80 a 70 ns 
80 = 70 ns 
80 ns 
ioe 
[80 [= [70 
[2 [= [70 [os 
ns 

ns 

P= 

| 80 | 70 ns 
| 80 | 70 ns 
Piao [= [30s 
100 | 80 | ns 
a0 [8 
= [90 [= as 
ea ee ee 
a0 ns 
ns 

_ clk. per, 


61 | Clock Low to OWN High 

62 Clock High to OWN High Impedance 
63_| OWN Low to UAS Low tOLUL 

64 | Clock High to ACK Low tCHACL 
65 | Clock Low to ACK Low tCLACL 
66 | Clock High to ACK High 
67 
ea 
69 | Clock High to HIBYTE High 
70 | Clock Low to HIBYTE High Impedance 
7 
72 | Clock High to OTC High 
z 
74 | DTC Width Low 
z 
76 | Clock High to DONE Low 
77_| Clock Low to DONE Low 
78 Clock High to DONE High tCHDOH 
79 | Clock Low to DDIR High impedance 
80 | Clock Low to DBEN High Impedance 
ai 
82 | DBENHightoDDIR High sds tO BHR | 
83 | Clock Low to PCL Low (1/8 clock) tCLPL 

84 .| Clock Low to PCL High (1/8 clock) P 

85 | PCL Width Low (1/8 clock) tPCLL 





86 | DTACK Low to Data In (setup time) tDALDI 
87 | DS High to Data Invalid (hold time) tsHDI- 






















88 | DS High to DTACK High 

89 | Data Out Valid to DS Low 

90 | BEC Low to DTACK Low 7 tBECDAL 
91 BEC Width Low tBECL 

92 | Clock High to IRG Low tCHIRL 

23 
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ter 


Figure 2 Input Clock Waveform 





* 
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6 
Ar~Ay MPU READ CYCLE <i MPU WRITE CYCLE 


























AS 
cs 6) 
note SS a 
R/W 
pas am 
(Ds @ 
—— So 
DDIR _f : © eo 
DBEN fs —~ 
p is a 
0 c | | 1: 
A23/D15 i @ 
Data In @ ® eo . 
DTACK ———_—_____—_—__—_ _ i £ 











* Data are latched at the end of:clock 21. 
Figure 3 AC Electrical Waveforms — MPU Read/Write 


CLK 
© K+ @ 
(Falling Edge Pick-up) 
Br P| | 
® | 
BG ' | 
@ 
8 
BGACK 0) 





——— 
BUS Cycle MPU Cycle b q DMA Cycle MPU 
——  .er OOOO Po See OR = = 
ee ee Cycle 
ACK 





= ; GEE aa 
DTC P —\ fe 
the Pest Se aT 2e Re av Ree hy Dea ee Soke ew aw Re pe Be 


* REQ is picked up at the rising edge of CLK in cycle steal and Burst modes. 





Figure 4 AC Electrical Waveforms — Bus Arbitration 
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1 2 4 5 6 7 8 9 10 
CLK 
@ 
BGACK ss H* va 
ee eS (ee 
FCo~FC2 ECT refer cvee || oom Th 
me), eal ne eee ee ee 
me an a 
As/Do~ oa ee / TX TT 
pals mm ls ene 
ooo Ft | 
: oe i 
as = eee ee Hai LS 
ws 2 
ae caeeeetaes? 
Rt} | | eee 
R/W ® ® a if, @® 
@ @ Ole s 
own ar | ! 
Don A NT eS =e 5 
a ees 
een @ @ @ @ 
HIBYTE © |] | @| 
Sra eee 
Lo 
DTC @ 3 i | Tal 
ACKo . mis La 
. | 
om 
DONE . 





* DTACK is picked up at the rising edge of CLK. This is different from HD68000. 
** This timing is not related to DMA Read/Write (Single Cycle) sequence. 


Figure 5 AC Electrical Waveforms — DMA Read/Write (Single Cycle) 
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1 2 6 7 8 9 10 


3 4 5 6 7" 8 1 2 3 4 5 
CLK 
BGACK 7 
es 





reo-Fes Coe 
bm (nin sn a aes 
Oe EEE 


Write Cycle 






As/Do~ eae -— 
mire Ce Ce 
| eed 
Pe | eet eee | fe 
UAS rT 
AS 


UDS 


LOS 


3 
anna 





au 








* Data are latched at the end of clock 7. This timing is the same as HD68000. 
** This timing is not related to OMA Read/Write (Dual Cycle) sequence. This timing is only applicable when 1/8 clock pulse mode is selected. 
*** This timing is applicable when a bus exception occures. 


Figure 6 AC Electrical Waveforms — DMA Read/Write (Dual Cycle) 


(NOTES for Figures 3, 4, 5 and 6) 





1) Setup time for the asynchronous inputs BG, BGACK, CS, IACK, AS, UDS, LDS, and R/W guarantees their recognition at the next 
falling edge of the apne Setup ide for BEC, ~ BEC, , REQ, ~ REQ,, PCL, ~PCL3;, DTACK. and DONE guarantees their 
recognition at the next rising edge of the clock. 

2) Timing measurements are referenced to and from a Jow voltage of 0.8 volts and a high voltage of 2.0 volts. 

3) These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 
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@ GENERAL DESCRIPTION 

This document defines the HD68450, a four channel DMA 
Controller. The operation of each channel is independent of the 
other channels. The controller supports single-address or dual- 
address transfers. The controller supports unchained, array 
chained, or link chained operations. The device interface in- 
cludes lines for -requesting, acknowledging, and providing in- 
cidental control for the device. 

The DMAC functions by transferring a series of operands 
between memory and device; operand sizes can be byte, word, 
or long word. A block is a sequence of operands; the number of 
operands in a block is determined by the transfer count. A 
single channel operation may involve the transfer of several 
blocks of data between memory and device. 

NOTE: 

Throughout the specification, signals are discussed using the 
terms active and inactive or asserted or negated independent 
of whether the signal is active in the logic one state or the logic 
zero state. 


™ SIGNAL DESCRIPTION 
The following section identifies the signals used in connect- 
ing to the HMCS68000 bus and peripherals using the DMA 



































Vec(2) CLOCK 
As ~ A23/ A S 
Do~ Dis REQo 
Ai~Az << > ACKo 
0 
cS 
AS = = 
LDS REG; 
UDS ACK) 
R/W PCL; 
DTACK 
BR REQ2 
BG ACK2 
BGACK PCL2 
IRQ REQ3 
ACK sep 
3 
OWN 
UAS 
HIBYTE 
DBEN 
DDIR DONE 
BECo 
BEC, st 
BEC2 DTC 
FCo 
FC, 
FC2 
GND(2) 


Figure 7 Input and Output Signals 
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controller. Each signal has a basic definition of its use, a detailed 
description of the operation of each signal is contained in sub- 
sequent sections. Specific timing information is also contained 
in subsequent sections. 

In the following definitions, “MPU mode” refers to the state 
when the DMAC is chip selected. The term “DMA mode” refers 
to the state when the DMAC assume’ ownership of the bus. 
The DMAC is in the “IDLE mode” at all other times. 


© ADDRESS DATA BUS (Agz/Dy through A,3/D,;) 


Input/Output 
Active high 


Three-statable 


These lines are time multiplexed for data and address leads. 
The lines DDIR, DBEN, UAS and OWN are used to control the 
demultiplexing of the data/address lines with external gating. 
This is explained in a later section. 

The bi-directional data lines (Dp ~ D,5) are used to transfer 
data between the MPU, DMAC, memory and peripheral devices. 
Address lines are outputs to address memory and peripheral 
devices. 





@ ADDRESS BUS (A, through A,) 


Input/Output 
Active high 


Three-statable 


In the MPU mode, the low order seven address lines specify 
which of the internal registers is accessed. The address map for 
these registers is shown in Table 1. During a DMA bus cycle, 
A, ~ A, are outputs containing the low order address bits of 
the location being accessed. 


®@ FUNCTION CODES (FC) through FC, ) 


Output 
Active high 


Three-statable 


These output signals provide the function codes during DMA 
bus cycles. They are three-stated while in MPU mode or IDLE 
mode. 


@ CLOCK (CLK) 
Input 


It is not necessary that this input is the same clock as the 
HMCS68000 system one. Transferring to or from the DMAC 
registers, sampling of channel request lines, and gating of all 
control lines are done internally in conjunction with the CLK 
input. 


©@ CHIP SELECT (CS) 


Input 
Active low 


This input signal is used to select the DMAC for programmed 
transfers to and from the DMAC. The DMAC is deselected when 
the CS input is inactive. If the CS input is asserted during a bus 
cycle which is generated by the DMAC, the DMAC internally 
terminates the bus cycle, signals an address error, but does not 
perform an operation. This protects DMAC registers during 
bus cycles which are generated by itself. However, bus cycles 
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generated by any other bus masters, including other DMACs, 
may address and change the DMAC’s internal registers and, 
consequently, the operation of the DMAC. 


@ ADDRESS STROBE (AS) 


Input/Output Three-statable 


Active low 


In the MPU or IDLE modes, this signal is monitored by the 
DMAC if it is requesting, and has been granted, permission to 
become bus master. In the DMA mode, this signal is an output 
indicating that the DMAC has placed a valid address on the bus. 


@ UPPER ADDRESS STROBE (UAS) 


Output Three-statable 


Active low 


This line is an output to latch the upper address bits on the 
multiplexed data/address lines. Further explanation is given in 
later sections and diagrams. It is three-stated during the MPU 
mode and the IDLE mode. 


@ OWN (OWN) 


Output Three-statable 


Active low 


This line is asserted by the DMAC during DMA mode. It is 
used to control the output of the transparent latch used to 
latch the address lines. This line may also be used to control 
the direction of bi-directional buffers when the loads on 
AS, LDS, UDS, R/W and other signals exceed the drive of the 
DMAC pins. It is three-stated during the MPU mode and the 
IDLE mode. 


© DATA DIRECTION (DDIR) 


Output Three-statable 


This line controls the direction of data through a bidirec- 
tional buffer on the data bus. It is three-stated during the IDLE 
mode. 


® DATA BUS ENABLE (DBEN) 


Output 
Active low 


Three-statable 


This line controls the output of bidirectional buffers on the 
multiplexed data/address bus. It is three-stated during the IDLE 
mode. 


@ HIGH BYTE (HIBYTE) 


Output 
Active low 


Three-statable 


This line is used when the operand size is byte in the implicit 
addressing operation. It is asserted when data is present on the 
upper eight bits of the data bus. It is three-stated during the 
MPU mode and the IDLE mode. 





@ READ/WRITE (R/W) 


Input/Output Three-statable 


Active low 


Read/Write (R/W) is an input in the MPU mode and an out- 
put during the DMA mode. In the MPU mode, it is used to 
control the direction of data flow through the DMAC’s input/ 
output data bus interface. In the DMA mode, R/W is an output 
to memory and I/O controllers. It is held three-stated during 
IDLE mode. 


@ UPPER DATA STROBE (UDS) 


Input/Output Three-statable 


Active low 
@ LOWER DATA STROBE (LDS) 


Input/Output Three-statable 


Active low 
These lines are extensions of the address lines indicating 
which byteé or bytes of data (LSB, MSB) of the addressed word 
are being addressed. 


@® DATA TRANSFER ACKNOWLEDGE (DTACK) 


Input/Output 
Active low 


Three-statable 


In the MPU mode DTACK is an output indicating that the 
DMAC has completed the requested data transfer (read or 
write). 

In the DMA mode, the DMAC monitors DTACK to deter- 
mine when a data transfer has completed. In the event that a 
preemptory bus exception occurs prior to or concurrent with 
DTACK, the DTACK response is ignored and the bus exception 
honored. In the IDLE mode, this signal is held in three-state. 


@ BUS EXCEPTION CONTROLS (BECo through BEC, ) 


Input 
Active low 


These lines provide an encoded signal indicating some excep- 
tional bus condition. See Page 35 for details on bus exceptions. 


@ BUS REQUEST (BR) 


Output 
Active low 


The Bus Request (BR) output is generated by the DMAC to 
request ownership of the bus. 


@ BUS GRANT (BG) 


Input 
Active low 


The Bus Grant (BG) input indicates to the DMAC that it 
is to be the next bus master. This signal is originated by the 
MPU and propagated via a daisy chain or other arbitration 
mechanism. The DMAC cannot assume ownership until both 
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AS and BGACK become inactive. Once the DMAC acquires 
the bus, it does not continue to monitor the BG input. 





@ BUS GRANT ACKNOWLEDGE (BGACK) 


Input/Output Three-statable 


Active low 


Bus Grant Acknowledge (BGACK) is a bidirectional control 
line. As an output, it is generated by the DMAC to indicate 
that it is the bus master. 

As an input, BGACK is monitored by the DMAC in order 
to determine whether or not the current bus master is a DMA 
device or not. BGACK must be inactive before the DMAC may 
assume ownership of the bus. 





@ INTERRUPT REQUEST (IRQ) 


Output 
Active low 


Open drain 


Interrupt Request (IRQ) is used to interrupt the MPU. 
@ INTERRUPT ACKNOWLEDGE (!ACK) 


Input 
Active low 


Interrupt acknowledge ([ACK) is an input to the DMAC 
indicating that the current bus cycle is an interrupt acknowl- 
edge cycle. By the MPU, the DMAC responds with the contents 
of the normal or exception interrupt vector register of the 
highest priority channel requesting an interrupt. TACK is not 
serviced if the DMAC has not generated IRQ. 


@ CHANNEL REQUEST (REQ, through REQ;) 


Input 
Falling edge or active tow 


The four REQx inputs (REQ, ~REQ3) are falling edge sen- 
sitive inputs when the request mode is cycle steal. The REQx 
inputs are low level sensitive when the request mode is burst. 





@ CHANNEL ACKNOWLEDGE (ACK through ACK;) 


Output 
Active low 


Non-three-statable 


The four ACKx lines (ACKy ~ ACK;) indicate to a request- 
ing peripheral device that the bus has been acquired and that 
the requested bus cycle is beginning. The ACKx line may be 
used as part of the enable circuit for bus interface to the pe- 
ripheral. 


@ PERIPHERAL CONTROL (PCLo through PCL;) 


Input/Output Three-statable 


Active low 


The four PCLx lines (PCL» ~ PCL3) are multi-purpose lines 
which may be individually programmed to be a START output, 
an Enable Clock, READY, ABORT, STATUS, or INTERRUPT 
input. 
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@ DONE (DONE) 


Input/Output 
Active low 


Open drain 


The one DONE output is normally high and goes low concur- 
rent with ACKx if that channel’s operation is completed as a 
result of that transfer. As an input, it allows the device to indi- 
cate a normal termination of the operation. 





@ DEVICE TRANSFER COMPLETE (DTC) 


Output Three-statable 


Active low 


The single device transfer complete output is normally high 
and goes low to signal to the device that the data transfer is 
complete. On a write to memory operation, it indicates that 
the data has been successfully stored. On a read from memory 
operation, it indicates that the data is present at the device and 
should be latched. 


® INTERNAL ORGANIZATION 

The DMAC has four largely independent DMA channels. 
Each channel has its own set of channel registers. These registers 
define and control the activity of the DMAC in processing a 
channel operation. 














Chennel 
Control Register| 
Normal 
Interrupt Vector] 

ror 
Interrupt Vector] 
Channel 
Priority Register| 
Memory 
Function Codes 
Device 
Function Codes 
Base 
16 Function Codes 
Memory Transfer Counter 
31 Bese Transfer Counter 
Memory Address Register 
Device Address Register 


Bese Address Register 


1 Oy) 
One Per DMAC > (GCR) 


One Set Per Channel 











Figure 8 Internal Registers 


@ REGISTER ORGANIZATION 

The internal accessible register organization is represented in 
Table 1. Address space not used within the address map is 
reserved for future expansion. A read from a reserved location 
in the map results in a read from the ‘“‘null register”. The null 
register returns all ones for data and results in a normal bus 
cycle. A write to one of these locations results in a normal bus 
cycle but no write occurs. Unused bits of a defined register read 
as Zeros. 
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Table 1 DMAC Register Addressing Assignments 


Address Bits 
5 2 


Register 7 6 4 3 1 0 Mode 
Channel Status Register cc 000000 RW 
Channel Error Register ec 00000 1 R 
Device Control Register ec 000100 RW 
Operation Control Register ec 0001 0 1 RW 
Sequence Control Register ec 000% 10 R/W 
Channel Control Register cc 00011 1 RW 
Memory Transfer Counter ec 00101 b RW 
Memory Address Register cc 001718 8 RW 
Device Address Register ec 01018 §s RW 
Base Transfer Counter cc 011016 R/W 
Base Address Register cc 0111s 8 R/W 
Normal Interrupt Vector ec100101 RW 
Error Interrupt Vector cec1001 1 RW 
Channel Priority Register ec ec101 01 RW 
Memory Function Codes cc 101001 RW 
Device Function Codes ec110001 RW 
Base Function Codes eecid1100 1 R/W 
Genera! Control Register 111411414141 RW 


cc: 00 —Channel #0, 01 — Channel #1 
10 — Channel #2, 11 — Channel #3 
ss: 00 —High-order, 01 — Upper middle, 
10 — Lower middle, 11 — Low-order 
b: 0Q—High-order, 1 — Low-order 
* See Channel Status Register on Page 31. 


@ DEVICE CONTROL REGISTER (DCR) 

The DCR is a device oriented control register. The XRM bits 
specifies whether the channel is in burst or cycle steal request 
mode. The DTYP bits define what type of device is on the 
channel. If the DTYP bits are programmed to be a HMCS6800 
device the PCL definition is ignored and the PCL line is an 
Enable clock input. If the DTYP bits are programmed to be a 
device with READY, the PCL definition is ignored and the PCL 
line is a ready input (active low). The DPS bit defines what 
port size the device has. The PCL bits define the function of 
the PCL line. When the content of the DTYP bits implies 
HMCS6800 compatible device, or Device with ACK and 
READY, the content of the PCL bits is disregarded. The XRM 
bits are ignored if an auto request mode in the OCR is selected. 


7 6 5 4 3 2 1 0 


xa [one [ors] o] ra 


External Request Mode 

00 Burst Transfer Mode 

O01 (undefined, reserved) 

10 Cycle Steal Mode without Hold 
11 Cycle Steal Mode with Hold 


Device Type 

00 HMCS68000 compatible device, explicitly addressed 
01 HMCS6800 compatible device, explicitly addressed 
10 Device with ACK, implicitly addressed 

11 Device with ACK and READY, implicitly address 
Device Port Size 


O 8 Bit Port 
1 16 Bit Port 


Peripheral Control Line 
00 Status Input (can be read by reading CSR) 


XRM 


pType 





DPS 


PCL 


908 





01 Status Input with Interrupt 
10 Start Pulse, Negative 1/8 CLK 
11 Abort Input 


0 Bit 2 Not Used 


@ OPERATION CONTROL REGISTER (OCR) 

The OCR is an operation oriented register. The DIR bit 
defines the direction of the transfer, to or from memory. The 
SIZE bits define the size of the operand and how the transfer 
count and address registers are to be handled. The CHAIN bits 
tells the DMAC if any or what type of chaining is to be per- 
formed. The REQG bits define how requests for transfers are 
generated. Chaining and requests are discussed in a later section. 


7 6 5 4 3 2 1 e) 


pom} of size | can | reas | 


Direction 
0 Transfer from memory to device 
1 Transfer from device to memory 


0 Bit 6 Unused 
SIZE 


DIR 


Operation Size 

00 Byte 

01 Word 

10 Long word 

11 (undefined, reserved) 


CHAIN Chaining Operation 
00 Chain operation is disabled 
01 (undefined, reserved) 
10 Array chaining 
11 Linked chaining 


DMA Request Generation Method 

00 Auto-request at rate limited by General Control 
Register (GCR) 

01 Auto-request at maximum rate 

10 REQ line initiates an operand transfer 

11 Auto-request the first operand, external request 
for subsequent operands 


REQG 


@ SEQUENCE CONTROL REGISTER (SCR) 
The SCR is used to define the sequencing of memory device 
addresses. 


7 6 5 4 3 2 1 O 
PoTofo lo] mac | pac | 
0 Bits 7, 6, 5, 4 Not Used 
MAC Memory Address Count 


00 Memory address register does not count 
01 Memory address register counts up 

10 Memory address register counts down 
11 (undefined, reserved) 


DAC Device Address Register Count 

00 Device address register does not count 
01 Device address register counts up 

10 Device address register counts down 


11 (undefined, reserved) 
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@ CHANNEL CONTROL REGISTER (CCR) 

The CCR is used to start or terminate the operation of a 
channel. The register also determines if an interrupt is to be 
generated at the termination of an operation (normal or error 
termination). Setting the STR bit causes immediate activation 
of the channel; the channel will be ready to accept requests 
immediately. The STR and CNT bits of the register may not 
be reset by a write to the register. The software abort bit 
(SAB) may be used to terminate the operation. Setting the SAB 
bit will reset STR and CNT. Setting the HLT bit will halt the 
channel, and resetting the HLT bit will resume the operation. 


7 6 5 4 3 2 1 0 
sraenr]wr]sas] wr] oo] o 


STR Start Operation 
0 No operation is pending 
1 Start operation 


CNT Continue Operation 
0 Nocontinuation is pending 
1 Continue operation 


HLT Halt Operation 
0 Operation not halted 
1 Operation halted 


SAB Software Abort 
0 Channel operation not aborted 
1 Abort channel operation 


INT Interrupt Enable 
0 No interrupts enabled 
1 Interrupts enabled 


0 Bits 2, 1, 0 Not Used 


@ CHANNEL STATUS REGISTER (CSR) 
The CSR is a register containing the status of the channel. 


7 6 5 4 3 2 1 0 
eodfan spoon] era] acr] 0 [ror] rcs 


coc Channel Operation Complete 
O Channel operation incomplete 
1 Channel operation complete 


BTC Block Transfer Complete 
0 Block transfer incomplete 
1 Block transfer complete 


NDT Normal Device Termination 
Q No normal device termination 
1 Device terminated operation normally 


ERR Error Bit 
QO Noerrors 
1 ‘Error as coded in CER 


ACT Channel Active 
Q Channel not active 
1 Channel active 


PCT PCL Transition 
0 No PCL transition occurred 
1 PCL transition occurred 


PCS The State of the PCL Input Line 
0 PCLiow 
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1 PCL high 
0 Bit 2 Not Used 


@ CHANNEL ERROR REGISTER (CER) 

The CER is an error condition status register. The ERR bit 
of CSR indicates if there is an error or not. Bits O—4 indicate 
what type of error occurred. 


7 4 3 2 1 0 


6 5 
PeTeTe] enon coor 


0 Bits 7, 6, 5 Not Used 
ERROR CODE 

00000 No error 

00001 Configuration error 


00010 Operation timing error 
00011 (undefined, reserved) 
OOirr Address error 

010rr Bus error 

Olirr Count error 

10000 External abort 

10001 Software abort 


ir register or counter code 
01 Memory address or memory counter 
10 Device address 
11 Base address or base counter 


@ CHANNEL PRIORITY REGISTER (CPR) 
The CPR is used to define the priority level for each channel. 


7 6 5 4 3 2 1 Oo 
pofofoftofoto} ce 
cP Channel Priority 
These two bits determine the priority (O—3) of the 


channel. 
0 Bits 7, 6, 5, 4, 3, 2 Not Used 


@® GENERAL CONTROL REGISTER (GCR) 
The GCR is used to define what portion of the bus cycles is 
available to the DMAC for limited rate auto-request generation. 


7 6 5 4 3 2 1 0 
pofofofo} a | sr 
BT Burst Time 
The number of DMA clock cycles per burst that the 
DMAC allows in the auto-request at a limited rate of 


transfer is controlled by these two bits. The number 
is 2** (BT+4) (two to the BT+4 power). 

BR Bandwidth Ratio 
The amount of the bus bandwidth utilized by the auto- 
request at a limited rate transfer is controlled by these 
two bits. The ratio is 2** (BR+1) (two to the BR+1 
power). 


0 Bits 7,6, 5, 4 Not Used 
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@ ADDRESS REGISTERS 
Three 32-bit registers are utilized to implement the Memory 
Address Register, Device Address Register, and the Base Address 
Register. Due to packaging limitations, only the least significant 
twenty-four bits are connected to the address output pins. 


® FUNCTION CODE REGISTERS 

Each address register has a function code register associated 
with it. The function code registers are three bits wide and are 
loaded via the lowest three bits of the data bus. 


@ TRANSFER COUNT REGISTERS 

Two sixteen bit counters per channel are provided to imple- 
ment the Memory Transfer Counter and the Base Transfer 
Counter. 


@ INTERRUPT VECTOR REGISTERS 
Each channel has an interrupt vector register and an error 
interrupt vector register, each consisting of eight bits. 


@ OPERATION DESCRIPTION 
@ GENERAL DESCRIPTION 

A DMAC channel operation proceeds in three principal 
phases. During the initialization phase, the MPU configures the 


CLK Pee 
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RW 
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DBEN| ———FD CS 
XDo~ XD1s Ss 
Sih WLLL Le 
123456 23242526272829303132 
Figure 9 MPU Read from DMAC — Word 
(NOTES) 


1) The CS equation includes data strobe. 

2) Do ~Dis represent the multiplexed address/data pins which are 
used for data only during MPU mode. 

3) XDo> ~ XDis is the external or 68000 system data bus, i.e. on the 
system side of the data buffers. 

4) Cycle lengths reflect the response of the current HD68000 MPU. | 

5) In the MPU read from DMAC mode, the DMAC will not give 

until the data is guaranteed valid on the system data bus for 

one half clock. 

During the MPU read, the DMAC must remove signals within one 

clock after AS is negated. a 

The DMAC will negate DTACK within one clock after AS is ne- 

ated. 

During the MPU write to DMAC, the DDIR line will be driven low 

to direct the data buffers toward to DMAC before the buffers are 

enabled. 

9) The DMAC will latch the data (MPU write to DMAC) before assert- 
ing DTACK. Once the data is latched the DMAC will negate DBEN 
and ODIR in the proper order. 

10} CS will be removed within one clock after AS is negated. = 

11) Note that ODIR and DBEN must drive out of tristate when CS is 
detected and then must be re-tristated at the end of the cycle. 

12) The clock reference shown in this diagram is the CPU clock. 
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channel control registers, sets initial addresses, and starts the 
channel. During the transfer phase, the DMAC accepts requests 
for data operand transfers, and provides addressing and bus 
controls for the transfers. The termination phase occurs after 
the operation is completed when the DMAC reports the status 
of the operation. Refer to Figure 9 through Figure 11 for MPU/ 
DMAC communication timings. 

This section describes DMAC operation. A brief description 
of the device/DMAC communication is given first. Next, the 
transfer phase is covered, including how the DMAC recognizes 
requests and how the DMAC arranges for data transfer. Follow- 
ing this, the initialization phase is described. The termination 
phase is covered, introducing chaining, error signaling, and bus 
exceptions. A description of the channel priority scheme rounds 
out the section. 

The MPU reads and writes the DMAC internal registers to 
control the operations. Figure 9 indicates the timing diagram 
when the MPU reads the contents of the DMAC internal regis- 
ter. the MPU outputs A, ~ A23, AS, R/W, UDS, and LDS and 
accesses the internal register. The DMAC outputs data on the 
bus, the buffer control signals (DDIR and DBEN), and DTACK. 
Read cycle consists of sixteen clocks. Figure 10 shows the timing 
of the MPU writes to the DMAC. Write cycle consists of thirteen 
clocks. 
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Ai~Az oats 
AS ee ee 


i 
- 


Go 
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DTACK' 
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Figure 10 MPU Write to DMAC — Word 


Figure 1] indicates the DMAC bus arbitration timing. The 
DMAC asserts BR to request the bus mastership. The MPU 
issues BG to grant the ownership in the next bus cycle. After 
the end of the current cycle, the DMAC starts its own bus cycle 
accompanied with the dead cycles. 
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She I Wr Lae ee er Eerie 


—Non DMAC———~+—_Dead —_-+-—— DMA. Cycles —--}++—- Dead —-+—Non. DMAC 


(NOTES) 


1) Note the timing of the OWN signal. It will drive active one half clock prior to the start of the first DMAC cycle. It will drive inactive one 


half clock after the end of the last DMAC cycle. At this same time, all other control signals will tristate. One half clock after this, the 





OWN signal will tristate. 


2) CONTROL BUS refers to the control pins such as DBEN, AS, ACK, etc. on the DMAC. 
3) BR signal will be negated one clock after BGACK signal is asserted. 


Figure 11 DMAC Bus Arbitration Timing 


® DEVICE/DMAC COMMUNICATION 

Communication between peripheral devices and the DMAC 
is accommodated by five signal lines. Each channel has a request 
(REQ), an acknowledge (ACK), and a peripheral control line 
(PCL). The last two lines, the DONE and DTC lines, are shared 
among the four channels. 


(1) REQUEST (REQ) 
A channel can make a request for service by asserting the 
individual channel request line. 


(2) ACKNOWLEDGE (ACK) 

Each channel has an acknowledge line which is activated 
during transfers to or from the device. This line is used to 
implicitly address the device which is transferring the data. 
It may also be used to control the buffering circuits between 
the device and the HMCS68000 bus. 


(3) PERIPHERAL CONTROL LINE (PCL) 

Each channel has a peripheral control line. The function of 
this line is quite flexible, and is determined by the programmed 
state of DCR. 

The DTYP bits of the DCR define what type of device is 
on the channel. If the DTYP bits are programmed to be a 
HMCS6800 device, the PCL definition is ignored and the PCL 
line is an Enable clock input. If the DTYP bits are programmed 
to be a device with READY, the PCL definition is ignored and 
the PCL line is a ready input. ; wes 

The PCL line is active at all times when the PCL line is pro- 
grammed as a Status input, Interrupt input, a Ready input, or 
an Enable input. When programmed to be an Abort input it is 
only active after the channel has been started. 





PCL AS A STATUS INPUT 

The PCL line may be programmed as a status input. The 
status level can be determined by reading the PCS bit in the 
CSR. If a negative transition occurs and remains stable for two 
DMAC clock cycles on the PCL line, the PCT bit of the CSR 
is set. This bit is cleared by resetting the DMAC or writing to 


the PCT bit of the Channel Status Register. 


PCL AS AN INTERRUPT 

The PCL line may also be programmed to generate an inter- 
rupt on a negative transition. This enables an interrupt which 
is requested if the PCT bit of the CSR is set. 


PCL AS A STARTING CLOCK PULSE 

The PCL line may be programmed to output a single pulse. 
The duration of the active low pulse is eight clock cycles, and 
starts when the channel is activated. 


PCL AS AN ABORT INPUT 

The PCL line may be programmed to be an negative transi- 
tion abort input which terminates an operation by signaling the 
abort error. The negative transition must remain stable in a low 
level for a minimum of two DMAC clock cycles. 


PCL AS AN ENABLE INPUT 

If the DTYP bits are programmed to be a HMCS6800 device, 
the PCL definition is ignored and the PCL line is an Enable 
clock input. The Enable clock downtime must be as long as 
five clock cycles, and must be high for a minimum of three 
DMAC clock cycles, but need not be synchronous with the 
clock. 


PCL AS A READY INPUT 

If the DTYP bits are programmed to be a device with 
READY, the PCL definition is ignored and the PCL line is a 
READY input. The READY is an active low input. 


(4) DONE 

DONE is an active low signal which is asserted when the 
memory transfer count is exhausted, and there are no more 
links to pick up in a chaining operation or the continue bit is 
not set. It is asserted and negated coincident with the acknowl- 
edge signal of the last operand part. 
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The DMAC also monitors the state of the DONE line while 
acknowledging a device. If the device asserts DONE, the DMAC 
will terminate the operation after the transfer of the current 
operand. The DMAC terminates the operation by clearning the 
ACT bit of the CSR, and setting the COC and NDT bits of the 
CSR. If both the DMAC and the device asserts DONE, the 
device termination is not recognized, but the channel operation 
does terminate. 


(5) DATA TRANSFER COMPLETE 

DTC is an active low signal which is asserted when the actual 
data transfer is accomplished. If data is being transferred from 
the device, DTC is asserted to indicate that the data is valid at 
the device, and should be latched. If a preemptory bus excep- 
tion terminates the bus cycle, DTC is not asserted. DTC is an 
active signal whenever the DMAC is a bus master. It is asserted 
for both memory and peripheral DMAC initiated transfers. 
® REQUESTS 

Requests activate the DMAC to transfer an operand. The 
REQG bits of the OCR determine the manner in which requests 
are generated. Requests may be externally generated by cir- 
cuitry in the device, or internally generated by the auto-request. 
mechanism. Usually a single operation uses only one method 
of request generation, but an operation can auto-request the 
first transfer and then wait for the device to request further 
transfers. 








(1) AUTO-REQUEST TRANSFERS 

The auto-request mechanism provides generation of requests 
within the DMAC. These requests can be generated at either 
of two rates: maximum-rate, so that the channel always has a 
request pending, or limited-rate. The limited rate auto-request 
feature functions by monitoring the bus utilization. 


AUTO-REQUEST BUS UTILIZATION 

The DMAC monitors bus utilization to control the limited- 
rate auto-request (LRAR) feature. This monitoring is also used 
to determine when an external request device has paused. 

The DMAC divides time into equal length sample intervals 
by counting clock cycles. The end of one sample interval marks 
the beginning of the next. During a sample interval, the DMAC 
notes bus and channel activity. At the end of the interval, 
decisions are 1nade which affect channel operations during the 
next sample interval, as shown in Figure 12. 

















TIME > 
Previous Current Next 
Sample Interval Sample Interval Sample Interval 


LRAR 
Interval 


Figure 12 DMAC Sample Intervals 


Based on the DMA activity during a sample interval, the 
DMAC aliows limited-rate auto-requests for some initial portion 
of the next sample interval. The length of the sample interval, 
and the portion of the sample interval during which limited 
rate auto-requests can be made are controlled by the BT and 
BR parameters in the GCR. The length in clock cycles of the 
subinterval during which the DMAC allows limited-rate auto- 
requests is controlled by the BT. The number is 2** (BT+4). 
For example, if BT equals TWO and the DMA utilization of 
the bus was low during the previous sample interval, then the 





DMAC generates as many auto-request transfers as is possible 
during the first 64 clock cycles of the current sample interval. 
The ratio of the length of the sample interval to the length 
of the limited-rate auto-request interval is controlled by the 
BR bits. This same parameter is used to determine the level 
of DMA bus utilization during the sample interval. If the frac- 
tion of DMA clock cycles during a sample interval exceeds 
the programmed utilization level, the DMAC will not allow 
limited-rate auto-requests during the next sample interval. 
Either ratio is 2** (BR+1) (2 raised to the BR+1 power). For 
example, if BR equals THREE, then at most one out of 16 
clock cycles during a sample interval can be a DMA cycle, and 
still the DMAC would allow limited-rate auto-requests oun 
the next sample interval. The DMAC monitors 
during each clock cycle to determine whether or not that clock 
cycle is used by a DMA device. If the BGACK input is active, 
the DMAC assumes that that clock cycle is for a DMA device. 
If it is inactive, the DMAC assumes that it is not a DMA cycle. 
The sample interval length is not a direct parameter, but is 
equal to 2** (BT+BR+5) clock cycles. Thus the sample interval 
can vary from 32 to 2048 clock cycles. 





AUTO-REQUEST 

If the REQG bits in the OCR indicate auto-request at the 
maximum rate, the DMAC acquires the bus after the operation 
is started and transfers data until channel termination. The 
DMAC does not relinquish the bus until termination. If a 
request is made by another channel of equal or higher priority, 
the DMAC services that channel and then resumes the auto- 
request sequence. : 

If the REQG bits indicate auto-request at a limited rate, 
the channel generates requests only during the limited rate 
auto-request interval and then only when the bus utilization 
was below the required threshould during the previous sample 
interval. As a consequence, if an auto-request at maximum rate 
transfer is started, no limited rate auto-requests are generated 
before the termination of the maximum rate auto-request 
Operation. ae 

The ACK, PCL and DTC lines are held inactive during an 
auto-request operation if the device type is HMCS68000 com- 
patible. Consequently, any channel may be used for the auto- 
request function in addition to its normal application without 
disturbing any peripheral devices connected to that channel. 

Refer to Figure 13 for more specific timing diagrams. 


(2) EXTERNAL REQUESTS 

If the REQG bits of the OCR indicate that the REQ line 
generates requests, the transfer requests are generated exter- 
nally. The request line associated with each channel allows the 
device to externally generate requests for DMA transfers. When 
the device wants an operand transferred, it makes a request by 
asserting the request line. The external request mode is deter- 
mined by the XRM bits of the DCR, which allows both burst 
and cycle steal request modes. The burst request mode allows 
a channel to request the transfer of multiple operands using 
consecutive bus cycles. The cycle steal request mode allows 
a channel to request the transfer of a single operand. 


BURST REQUEST RECOGNITION 

In the burst request mode, the REQ line is an active low 
input. The device requests an operand transfer by asserting 
REQ. The DMAC services the request by arbitrating for the 
HMCS68000 bus, obtaining the bus, and notifying the peripher- 
al by asserting the acknowledge line. If the request line is active 
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when the DMAC asserts acknowledge, and remains active at 
least until the DMAC asserts device transfer complete, the 
DMAC recognizes a valid request for another operand, which 
will be transferred during the next bus cycle if the channel has 
priority. If the request line is negated before the DMAC asserts 
device complete, the DMAC determines there is no valid request 
for an operand transfer, and no transfers are generated for that 
channel. Channels of the same or higher priority within the 
same DMA Controller may have DMA operand transfer requests 
serviced during this mode. 

If the request is negated before the first transfer cycle has 
Started, the cycle will terminate with the DMAC returning the 
bus. 

Refer to Figure 14 for more specific timing diagrams. 


CYCLE STEAL REQUEST RECOGNITION 

In the cycle steal request mode, the device requests an 
operand transfer by generating a falling edge on the REQ line. 
The DMAC services a request by arbitrating for the bus, obtain- 
ing the bus and notifying the peripheral by asserting the ac- 
knowledge line. 

After an request edge has been asserted it must remain at 
the assertion level at least two clock cycles. The request line 
must be inactive at least one clock cycle before a request is 
made. If another request from the channel is received before 
the first operand part of a former request is acknowledged, 
the second request is not recognized. 

After the DMAC completes the transfer, it may service 
another channel, relinquish the bus, or hold the bus and wait 
for another request. If there are pending requests from other 
channels, one of the requesting channels is serviced. If there 
are no requests, the XRM bits determine whether the DMAC 
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will relinquish the bus, or retain ownership. 

If the XRM bits specify cycle steal with hold, the DMAC will 
retain ownership. The bus is not given up for arbitration until 
the channel operation terminates or until the device pauses. 
The device is determined to have paused if it does not make 
any requests during the next full sample interval. The sample 
interval counter is free running and is not reset or modified by 
this mode of operation. The sample interval counter is the same 
counter that is used for Limited Rate Auto Request and is 
programmed via the GCR. 

If the XRM bits specify cycle steal without hold, the DMAC 
will relinquish the bus. If the device generates a request before 
DMAC asserts DTC for the last operand part, the DMAC will 
retain ownership of the bus, and that request will be serviced 
before the DMAC relinquishes the bus. 

Refer to Figure 15 and Figure 16 for more specific timing 
diagrams. 


REQUEST RECOGNITION IN DUAL-ADDRESS TRANS- 
FERS 

In a following section dual-address transfers are defined. Dual 
address transfer is an exception to the request recognition 
rules in the previous paragraphs. Refer to the Explicitly Ad- 
dressed Device section for information. 


(3) MIXED REQUEST GENERATION 

A single channel can mix the two request generation meth- 
ods. By appropriately programming the REQG bits of the OCR, 
when the channel is started, the DMAC auto-requests the first 
transfer. Subsequent requests are then generated externally 
by the device. The ACK and PCL lines perform their normal 
functions in this operation. 
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(NOTE) 1) Note that in the diagrams showing request timing it is assumed that only one channel is active. 
2) If REQ isn’t negated by the rising edge of clock 13, another DMA transfer is done continuously. 


Figure 14 DMAC Burst Mode Request Timing 
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(NOTES) 1) In this mode the device must re-assert REQ by the rising edge of clock 5 or lose the bus. 
The REQ signal is picked up at the rising edge of CLK. 
2) The time labeled ‘micro cleanup” is the time it takes for the internal sequencer to start another bus cycle if no other channel has 
requests pending. 


Figure 15 DMAC Cycle Steal Mode Request Timing 
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Figure 16 DMAC Cycle Steal-Hold Mode Request Timing 
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® DATA TRANSFERS 
(1) DEVICE PROTOCOLS 

All DMAC data transfers are assumed to be between mem- 
ory and another device. The word “memory” means a 16-bit 
HMCS68000 bus compatible device. By programming the DCR, 
the characteristics of the device may be assigned. Each channel 
can communicate using any of the following protocols. 


DTYP Device Type 
00 HMCS68000 compatible device 
01 HMCS6800 compatible device 
10 Device with ACK 
11 Device with ACK and READY 


Dual Addressing 





} Single Addressing 


DUAL ADDRESSING 

HMCS68000 and HMCS6800 compatible devices may be 
explicitly addressed. This means that before the peripheral 
transfers data, a data register within the device must be address- 
ed. Because the address bus is used to address the peripheral, 
the data cannot be directly transferred to/from the memory 
because the memory also requires addressing. Instead, the data 
is transferred from the source to the DMAC and held in an 
internal DMAC holding register. A second bus transfer between 
the DMAC and the destination is then required to complete 
the operation. Because both the source and destination of the 
transfer are explicitly addressed, this protocol is also called 
dual-addressed. 


Request Recognition in Dual-Address Transfers 

The request recognition protocols defined in a previous sec- 
tion apply to dual-address operations. Requests are recognized 
during the transfer to/from the DMAC holding register and the 


DMAC 


Address Device 

1) Set R/W to Read 

2) Place Address on Ai ~ Aas 

3) Place Function Codes on 
FCo ~ FC2 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe 
(UDS) and Lower Data 
Strobe (LDS) 

6) Assert Acknowledge (ACK) 
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peripheral as described in the request protocol section. This 
protocol requires the request to be asserted before the signal 
DTC is asserted, to have request recognition for the next cycle. 
During the portion of the operation when the operand or 
operand part is transferred between the DMAC holding register 
and memory, requests are also recognized. During the transfer 
between memory and the holding register, DTC is not asserted, 
so it may not be used as reference point for request recognition 
during this portion of the operation. However, requests will be 
recognized if they are asserted prior to the portion of the cycle 
where DTC would have been asserted. This point is one half 
clock cycle before the upper and lower data strobes are negated. 


HMCS68000 Compatible Device Transfers 

In this operation, when a request is received, the bus is 
obtained and the transfer completed using the HMCS68000 bus 
protocol as shown in Figures 17 and 18. Refer to Figures 19 
through 22 for timing information. 


HMCS6800 Compatible Device Transfers 

When a channel is programmed to perform HMCS6800 
compatible transfers, the PCL line for that channel is defined 
as an Enable clock input. The DMAC performs data transfers 
between itself and the device using the HMCS6800 bus protocol, 
with the ACK output providing the valid memory address 
signal. This operation is necessary since the HMCS6800 bus 
is synchronous and the HMCS68000 bus is asynchronous. 
Figure 23 illustrates this protocol. This operation provides 
DMAC compatibility with existing HMCS6800 and other 
synchronous devices. Refer to Figures 24 and 25 for timing 
information. Figure 44 illustrates asample circuit diagram of 
a two-6800 device system. 





HMCS68000 Device 


et 


Present Data 
1) Decode Address 
2) Place Data on Do ~ Dis 
3) Assert Data Transfer 
Acknowledge (DTACK) 





—————— 


Acquire Data 


1) Load Data into Holding 
Register 

2) Assert Device Transfer 
Complete (DTC) 

3) Negate UDS and LDS. 

4) Negate AS, ACK and DTC 


a | 


Terminate Cycle 


1) Remove Data from Dy ~'D;; 
2) Negate DTACK 


(a ee 


Start Next Cycle 


Figure 17 Word Read Cycle Flowchart HMCS68000 Type Device 
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DMAC HMCS68000 Device 


Address Device 


1) Place Address on A, ~ Aas 
2) Place Function Codes on 
FCy aoa FC, 
3) Assert Address Strobe (AS) 
4) Set RW to Write 
5) Place DataonDo ~Dis 
6) Assert Acknowledge (ACK) 
7) Assert Upper Data Strobe 
(UDS) and Lower Data 
Strobe (LDS) 
Cee cat EnIIEIEIInI IU EIIIEIIIEIEIEEEEE EE EEEEIESSSSSEDEEEEEERe | 


Accept Data 
1) Decode Address 
2) Store Dataon Do ~ D;; 
3) Assert Data Transfer 
Acknowledge (DTACK) 


SS eee 


Terminate Output Transfer 
1) Assert Device Transfer 
Complete (DTC) 
2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 
4) Remove Data from Do ~ D4; 
5) Set R/W to Read 


EEE 


Terminate Cycle 
1) Negate DTACK 


—_——— 


Start Next Cycle 








Figure 18 Word Write Cycle Flowchart HMCS68000 Type Device 
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123 4 56 7 8 9 1011121314 1516 1718 19 20 2122 23 
a Read i Write ——— 


from Memory to Device 
(last xfer ; xfer cnt=0) 








(NOTE) 1) This mode is identical to the dual address with 8 bit device as destination except that the device has a 16 bit port: 
i.e. both data strobes are asserted and data is on both halves of the bus. See the notes on the dual addressing mode 
with 8 bit device as source. 


Figure 19 Dual Addressing Mode with 16 Bit Device as Destination (Read-Write Cycles) 
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19234 56 7 8 9 10111213 141516 1718 1920 21 22 


As ~ Az3/ ADDRESS OUT DATAIN ADDRESS OUT DATA OUT 








DONE ang 


1234 5 6 7 8 9 10 11121314 15 16 1718 19 20 2122 


Read + Write ——+=——— 


from Device to Memory 
last xfer ; xfer cnt=0 





(NOTE) 1) This mode is identical to the dual address with 8 bit device as source except that the device has a 16 bit port; 
i.e. both data strobes are asserted and data is on both halves of the bus. See the notes on the dua! addressing mode 
with 8 bit device as source. 


Figure 20 Dual Addressing Mode with 16 Bit Device as Source (Read-Write Cycles) 
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=p Read == Read — Write + 
from Device from Device to Memory 





(NOTES) 1) In this mode the device is the source and memory is the destination. 

2) In the dual addressing mode HIBYTE is not used since the DMAC will put the data on the correct half of the data bus. 

3) The ACK timing is similar to the single addressing mode ACK. The Read from Device ACK is asserted one clock into the cycle, 
and negated during the first CLK after the cycle has terminated. The Write to Device ACK is asserted one and one half clocks into 
the cycle (to avoid buffer conflicts) and removed the first CLK after the cycle has terminated. (See Figure 22) 

4) Note that where Data Out is shown (clock 22) the data must be valid on the external data bus by the end of clock 23. 

General Notes on Dual Addressing Mode 

1) DEEN and DDIR are used in this mode with DBEN always changing on falling edge of CLK and DDIR always changing on rising 
edge of CLK. ot 

2) Note that for consecutive reads from device or memory, DDIR need not be returned to the inactive (high) state between cycles. 

3) Data in should be latched on the last CLK in the cycle (17 above). 


Figure 21 Dual Addressing Mode with 8 Bit Device as Source (Read-Write Cycles) 
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from Memory to Device to Device 





(NOTES) 1) These cycles are similar to the dual addressing mode 8 bit device as source with the exception that the device is now the destination. 
See the comments that refer to the dual mode 8 bit source. : 
2) Shown above in the Write to Device, the data strobes are not asserted until clock 15 (and 25) to allow data setup and travel time. 


Figure 22 Dual Addressing Mode with 8 Bit Device as Destination (Read-Write Cycles) 


DMAC (MASTER) HMCS6800 Device 


Initiate Cycle 
1) Start a normal Read or Write 
Cycle 
2) Monitor Enable until it is low 
3) Assert Acknowledge (ACK) 


Transfer Data 


1) Wait until Enable is active 
2) Transfer the Data 


-——__--————“ 


Terminate Cycle 


1) The master waits until Enable 
goes low. 

2) Assert Device Transfer Complete 
(DTC) (Ona Read cycle the 
data is latched as clock goes low 
when DTC is asserted. } 

3) Negate AS, UDS, CDS, ACK 
and DTC 





Start Next Cycle 


Figure 23 HMCS6800 Cycle Flowchart 
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(NOTES) 
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——++--S yne on PCL —-+-——____ Read 
from 6800 Device 


The DMAC should latch the data during clock 19. 

The logic should allow back to back operations on successive E pulses is possible. 
The ACK low to E high time should be at least 250 ns worst case. 

The clock reference shown above is the DMAC clock. 


The E clock duty cycle shown above is an example. A 40% duty cycle is acceptable (4 up, 6 down like HD68000). 


The E clock must be low for a minimum of 5 clock cycles. 


Figure 24 6800 Compatible Dual Addressing Mode (Read Cycle) 
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Figure 25 6800 Compatible Dual Addressing Mode (Write Cycle) 
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An Example of a Dual Address Transfer 

This section contains an example of a dual address transfer 
using Table 7 of Dual-Address Sequencing. The table is repro- 
duced here as Table 2. The transfer mode of this example is the 
following: 

1. Device Port size = 8 bits 

2. Operand size = Long Word (32 bits) 

3. Memory to Device Transfer 

4. Source (Memory) Counts up, Destination (Device) Counts 

Down 

. Memory Transfer Counter = 2 


5 





In this mode, a data transfer from the source (memory) is 
done according to the 6th row of Table 2, since the port size 
of the memory is always 16 bits. A data transfer to the destina- 
tion (device) is done according to the 3rd row of Table 2. 

Table 3 shows the data transfer sequence. 

The memory map of this example is shown in Table 4. The 
operand consists of BYTE A through BYTED in memory 
of Table 4. Prior to the transfer, MAR and DAR are set to 
00000012 and 00000108 respectively. The operand is trans- 
ferred to the 8 bit port device according to the order of transfer 
number in Table 3. 


Table 2 Dual-Address Sequencing (Table 7) 












Port Size | Operand Si 
[rosie | opeandsin | pats | opamndpac aden | Meet te 


Operand Part Addresses 


Peel LONG BYTE 
*4 






Address Increment 


A, At2, At4, A+6 
*3 "5 “7 *8 
A 





oe fo | 


bees ed 





Table 3 An Example of a Data Transfer for One Operand 


SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.) 


Transfer Address Data Size DMAC Registers after Transfer 
No. feettinre | Ser | mee canoe 
3 HR DST naacanes BYTE a 00000014 0000010A 
HR > DST popes OE. 00000014 
00000014 | mene. | 00000016 0000010C 
6 *9 
7 


BYTE 00000016 | 0000010E 
*4 
6 HR > DST castles BYTE, | 00000016 pone 10 


ane —_ 


° 


=a 


4 SRC > HR 
0000010C 


* 
* 


5 HR > DST 


(7) 


Q 


Comment 


tnitial Register Setting 
00000108 Higher order 16 bits of operand is 
fetched. 


Higher order 16 bits of operand is 


0000010C transferred. 
* 


10 


Lower order 16 bits of operand is 
fetched 


Lower order 16 bits of operand is 
transferred. 


00000110 MAR, DAR are pointing the next 
operand addresses when the 


transfer is complete. 


Mode: Port size = 8, Operand size = Long Word, Memory to Device, Source (Memory) Counts Up, Destination (Device) Counts Down 
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Table 4 Memory Map for the Example of the Data Transfer 


ADDRESS ADDRESS 


00000010 a ee 00000011 
00000012 00000013 
00000014 00000015 
00000016 00000017 





Source (Memory) 


SINGLE ADDRESSING MODE 

Implicitly addressed devices do not require addressing of 
data register before data may be transferred. Transfers between 
memory and these devices are controlled by the request/ac- 
knowledge protocol. Such peripherals require only one bus 
cycle to transfer data between themselves and memory, and the 
DMAC internal holding register is not used. Because only the 
memory is addressed during a data transfer, this protocol is 
also called single-address. 


Device with ACK Transfers 

Under this protocol, the device is not explicitly addressed and 
communication is performed with a two signal request/acknowl- 
edge handshake. When a request is generated using the request 


DMAC 


Address Memory 

1) Set R/AW to Read 
2) Place Address on Ai ~ Aas 
3) Place Function Codes on FCy ~ FC, 
4) Assert Address Strobe (AS) | ; 
5) Assert Upper Data Strobe (UDS) 

and Lower Data Strobe (LDS) 
6) Assert Acknowledge (ACK) 





Memory 


ADDRESS 
00000106 00000107 
00000108 00000109 
0000010A 0000010B 
0000010C 
0000010E 


00000110 


0000010D 
0000010F 
00000111 





Destination (Device) 


method programmed in the control registers, the DMAC obtains 
the bus and responds with acknowledge. The DMAC asserts 
all HMCS68000 bus control signals needed for the transfer. 

When the transfer is from memory to a device, data is valid 
when DTACK is asserted and remains valid until the data 
strobes are negated. The assertion of DTC from the DMAC may 
be used to latch the data, as the data strobes are not removed 
until 1/2 clock after the assertion of DTC. 

When the transfer is from device to memory, data must be 
valid on the HMCS68000 bus before the DMAC asserts the data 
strobes. The data strobes are asserted one clock period after 
ACK is asserted. Further definition of this protocol is explained 
in Figures 26, 27 and timing diagrams in Figures 28 and 29. 





ACK Device 


Present Data 


1) Decode Address 


2) Place Data on Do ~ Ds 
3) Assert Data Transfer Acknowledge 





(DTACK) 


Acquire Data 
1) Load Data 


pr ! 


Terminate Transfer 


_ 


Assert Device Transfer Complete 
(DTC) 
2) Negate UDS and LDS 


3) Negate AS, ACK and DTC 





Terminate Cycle 


1) Negate DTACK 


Start Next Cycle 


Figure 26 Word from Memory to Device with ACK 
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DMAC Memory ACK Device 


Address Memory 
1) Place Address on A; ~ A2s 
2) Place Function Codes on FCy ~ FC; 
3) Assert Address Strobe (AS) 
4) SetRWtoWrite — 
5) Assert Acknowledge (ACK) 


Present Data 
1) Place Dataon Do ~ Dis 


ee 


Enable Data 


1) Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 


Accept Data 


1) Decode Address 

2) Load Data 

3) Assert Data Transfer Acknowledge 
(DTACK) 


a 


Terminate Transfer 


1) Assert Device Transfer Complete (DTC) 
2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 


aT 


Terminate Cycle 
1) Negate DTACK 











Start Next Cycle 





Figure 27 Word from Device with ACK to Memory 
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123 4 56 7 8 9 1011121314 15161718 19 20 21 
——++— Memory to Device —-+-——— Device to Memory ——+}-——_ 
Channel A Channel B 
4 Cycle Word Transfer 5 Cycle Word Transfer 


(NOTES) 1) These cycles are identical to the 8 bit transfers with the exception that all transfers are 16 bits (word) so that both data strobes are 
always asserted and HIBYTE is always inactive. See the comments on single addressing mode with 8 bit devices. 
2) The A and B on the ACK signals are there to distinguish two different channels. The actual channel numbers could be any of 0 to 3. 


Figure 28 Single Addressing Mode with 16 Bit Devices as Sources and Destinations (Read-Write Cycles) 
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ACKB ee: | \ (Re ees || aes 
CLK 
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++-— Idle—-++-— Memory to Device —~+-——— Device to Memory ——-~}+-_|dle —-~+=— Next Master 





Channel A Channel! B 
Byte from Do~D7 Byte to Ds~Dis 
4 Cycle 5 Cycle 





(NOTES) 1) Any signal change shown before clock 4 is due to the previous master (MPU or other DMAC)._ 
2) All signals except OWN tristate during the clock 2 after the end of the last DMAC cycle. OWN tristates one half clock Jater. 
3) DDIR and DBEN remain in the inactive state during single address mode cycles. 
4) A four (4) cycle transfer is the minimum cycle length for a Memory to Device transfer. 
5) A five (5) cycle transfer is the minimum cycle length for a Device to Memory transfer. 
6) HIBYTE (when used as fold signal) is used to gate the high bus data to the tow bus during a Memory to Device transfer, and 
low bus data to the high bus during a Device to Memory transfer. 
7) Note that if the transfer is 8 bits wide, only one data strobe (and possibly HIBYTE) is asserted. 
8) Address bits 8 through 23 are shown in tristate beginning clock 8 (and 16). In this mode only they can be driven similar to A; 
through A, if need be. 
The followings are notes on the Memory to Device transfer. 
9) ACK is not asserted until one clock into the cycle (clock 7) due to the fact that it may have just been negated (clock 5). 
It_ must remain negated for at least one clock. 
10) DTC is asserted one clock before the end of the cycle to signal the peripheral that the data is valid and should be latched at 
this time. It also indicates that a successful transfer is being completed (no Berr, Retry, etc.). 
The followings are notes on the Device to Memory transfer. an 
11) ACK cannot be asserted until one and one half clocks into the cycle (clock 16) to allow the R/W signal to settle in the write 
mode (clock 15). R/W cannot be asserted until one clock into the cycle (clock 15) because of buffer collisions. 
12) The data strobes cannot be asserted until clock 18 to allow the data to become valid at the memory (data setup). 
13) The A and B on the ACK signals are there to distinguish two different channels. The actual channel numbers could be any of 0 to 3. 


Figure 29 Single Addressing Mode with 8 Bit Devices as Sources and Destinations 
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Device with ACK and READY Transfers 

Under this protocol, the device is not explicitly addressed 
and communication is performed using a three signal request/ 
acknowledge/ready handshake. The ready input to the DMAC 
is provided by the PCL line, the use of this protocol forces it 
to be an active low input. When a request is generated using 
the request method programmed in the control registers, the 
DMAC obtains the bus and asserts acknowledge to notify the 
device that the transfer is to take place. The DMAC asserts all 
HMCS68000 bus control signals needed for the transfer and 
holds them until the device responds with READY. After 


DMAC 


Address Memory 
1) Set R/W to Read 
2) Place Address on A; ~ Aas 
3) Place Function Codes on FCy ~ FC; 
4) Assert Address Strobe (AS)___ 
5) Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LOS) 
6) Assert Acknowledge (ACK) 


Memory 


READY is received the bus cycle terminates normally. 

When the transfer is from memory to a device, data is valid 
when DTACK is asserted and is valid until the data strobes 
are negated. The assertion of DTC from the DMAC may be used 
to latch the data, as the data strobes are not removed until 
1/2 clock after the assertion of DTC. 

When the transfer is device to memory, data must be valid 
on the HMCS68000 bus before the DMAC asserts the data 
strobes. The data strobes are held asserted until the device 
asserts READY. Further definition of this protocol is explained 
in Figures 30, 31 and the timing diagrams in Figure 32. 








ACK and READY Device 





Present Data 
1) Decode Address 
2) Place Data on Do ~ Dis 
3) Assert Data Transfer 
Acknowledge (DTACK) 


Acquire Data 
1) Load Data 
2) Assert READ 


—_—_—_—_—ank ee  _cel 


Terminate Transfer 
Assert Device Transfer Complete 
(DTC) 
2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 


= 


Leg 


Terminate Cycle 
1) Negate DTACK 


Start Next Cycle 


Figure 30 Word from Memory to Device with ACK and READY 
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DMAC Memory ACK and READY Device 


Address Memory 
1) Place Address on A; ~ Aa3 
2) Place Function Codes on FCo ~ FC2 
3) Assert Address Strobe (AS) 
4) Set R/W to Write ees 
5) Assert Acknowledge (ACK) 
SS SS SS ST 


Present Data 


1) Place Data on Dy ~ Dy; 
2) Assert READY 


SSS SSS SSS 


Enable Data 
1) Assert Upper Data Strobe (UDS) 


and Lower Data Strobe (LDS) 


ooo 


Accept Data 


1) Decode Address 

2) Load Data 

3) Assert Data Transfer 
Acknowledge (DTACK) 


ee 


Terminate Transfer 


1) Assert Device Transfer Complete 
(DTC) 

2) Negate UDS and LDS 

3) Negate AS, ACK and DTC 


LL _____—___ 


Terminate Cycle 
1) Negate DTACK 


Se 


Start Next Cycle = Figure 31 Word from Device with ACK and READY to Memory 
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123 45 6 7 8 9 101112131415 16 17 1819 20 21 22 23 2425 26 27 28 


—++--—-~ Memory to Device ———_+}+~-_-—__——_ Device to Memory ———-_—- +} 
Byte from Do~D7 Byte from Ds~ Dis 
(NOTES) 1) With the exception of the notes below, these cycles are identical to the normal single addressing mode cycles. See the comments on 

the 8 bit single addressing mode transfer. 

2) In the Memory to Device transfer only, the READY (PCL) line is used as a “second OTACK” i.e. both READY and DTACK are 
required to terminate the cycle. 

3) In the Device to Memory transfer, the READY input is used to delay the assertion of the data strobes. Once READY is detected, 
the data strobes are asserted and DTACK is sampied to terminate the cycle. AS is asserted at the beginning of the cycle as usual. 





Figure 32 Single Addressing Mode with 8 Bit Devices as Sources and Destinations with PCL Used as a READY Input (Read-Write Cycles) 
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(2) OPERANDS AND ADDRESSING 
Three factors enter into how the actual data is handled: 
port size, operand size and address sequencing. 


PORT SIZE 
The DCR is used to program the device port size 


DPS __ Device Port Size 
0 8 bit port 
1 6 bit port 


The port size is the number of bits of data which the device 
can transfer in a single bus cycle. During a DMAC bus cycle, 
a 16-bit port transfers 16 bits of data on Dp ~ Djs, while an 
8-bit port transfers 8 bits of data, either on Dy ~ D7 or on Dg 
~ D,,. The memory is always assumed to have a port size of 16. 
OPERAND SIZE 

OCR is used to program the operand size. 


SIZE Operand Size 
00 Byte 
01 Word 
10 Long word 
11 (undefined, reserved) 


The operand size is the number of bits of data to be trans- 
ferred to honor a single request. Multiple bus cycles may be 
required to transfer the operand through the device port. A 
byte operand consists of 8 bits of data, a word operand consists 
of 16 bits of data, a long word operand consists of 32 bits of 
data. The transfer counter counts the number of operands 
transferred. 

For single-address operations, the port size and the operand 
size must be the same. 68000 and 6800 type devices may not 
use byte operands when the port size is 16 bits and the request 
generation method is the request pin. (REQG = 10 or 11) 


Table 5 Operation Combinations 















Addressing 


Device Type Port 









Dual 68000, 6800 8 
Dual 68000, 6800 16 
Dual 68000, 6800 16 
Single with ACK or 


ACK & READY 





REQG* 










Yes Yes Yes 00, 01, 10, 11 
Yes Yes Yes 00, 01 
No Yes Yes 10, 11 





00, 01, 10, 11 
00, 01, 10, 11 


*Refer to Page 11. 






ONLY DEVICE BUS CYCLES ARE SHOWN IN THESE TIMING DIAGRAMS 

















(NOTES) 


926 


CLK 
BUS CYCLES 
REQ 
ACK 
DONE 
DTC 
(a) Operand Size = 8 and Port Size = 8 
Operand Size = 16 and Port Size = 16 
Sample for New Requests during This Period 
pet 
ek LUTTE 
BUS CYCLES me >F2E= FX) 


feo 
A Ne a 
DONE 
DTC 


(b) Operand Size = 16 and Port Size = 8 
Operand Size = 32 and Port Size = 16 


Sample for New Requests during This Period 


BUS CYCLES.—§ {FX FFX) 
REQ AAA 
Se fe 
DONE 
prc 





a Te 


{c) Operand Size = 32 and Port Size= 8 


1) The above cycles reflect both dual and single addressing mode. 


2) In the dual addressing case, the memory references are not shown above, only the device references. Therefore all cycles have 
ACK asserted. 


3) Note that when the operand size exceeds the port size, the DMAC should sample the request pins (new priority check) until the 
DTC of the tast bus cycle has occurred. 


Figure 33 Request and Acknowledge Generation vs. Operand Size 
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ADDRESS SEQUENCING 

The sequence of addresses generated depends upon the port 
size, operand size, whether the addresses are to count up, down, 
or not change and whether the transfer is explicitly or implicitly 
addressed. The Sequence Control Register is used to program 
the memory address count method and the device address count 
method. 


MAC Memory address count 
00 Memory address register does not count 
01 Memory address register counts up 
10 Memory address register counts down 
11 (undefined, reserved) 


DAC Device address register count 
00 Device address register does not count 
01 Device address register counts up 
10 Device address register counts down 
11 (undefined, reserved) 


Single-Address Transfers 

Single-address transfers require the device port size and the 
operand size to be equal. Address sequencing is determined 
by the port size and the sequence control register as shown 
in Table 6. If the operand size is byte, the memory address 
increment is one (1). If the operand size is word, the memory 
address increment is two (2). If the memory address register 
does not count, the memory address is unchanged after the 
transfer. If the memory address counts up, the increment is 
added to the memory address; if the memory address counts 
down, the increment is subtracted from the memory address. 
The memory address is changed after the operand is transferred. 


Table 6 Single Address Sequencing 





Memory Address Increment 





Port Size | Operand Size 
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Dual-Address Transfers 

In dual-address operations, the operand size need no match 
the port size: Thus the transfer of an operand may require 
several transfers between device and memory. Each pair of 
transfers, between memory and DMAC and between DMAC and 
device, transfers a portion of the operand, called the operand 
part. 

The addresses of the operand parts are in a linear increasing 
sequence. The step between the addresses of parts is two (2). 
The size of the parts is the minimum of the port size and 
operand size. The number of parts is the operand size divided 
by the port size. The address increment is added or subtracted 
after the operand is transferred. 

If the port size is 16 bits, the operand size is byte, and the 
request generation method is auto request or auto request at 
a limited rate, the DMAC packs consecutive transfers. This 
means that word transfers are made from the associated address 
with an address increment of two (2). If the initial source ad- 
dress location contains a single byte, the first transfer is a byte 
transfer to the internal DMAC holding register, and subsequent 
transfers from the source are word transfers. If the initial 
destination location contains a single byte, the first transfer is 
a byte transfer from the internal DMAC holding register, and 
any remaining byte remains in the holding register. Likewise, 
if either the final source or destination location contains a single 
byte, only a byte transfer is done. Packing is not performed 
if the address does not count; each byte is transferred by a 
separate access to the same location. 


(3) ADDRESS REGISTER OPERATION 

The DMAC has three 32-bit address registers per channel: 
the memory address register (MAR), the device address register 
(DAR), and the base address register (BAR). 

The MAR is used in all operations because of the assumption 
that all operations are between memory and a device. The MAR 
is sequenced as previously described. This register is either 
initialized before the channel operation is started, or is loaded 


Table 7 Dual-Address Sequencing 






Port Size 


1 if packing is not done 
2 if packing is done 


during chaining or continue operations which are defined in a 
later section. 

The DAR is used to address devices or memory in dual- 
address operations. It is initiated before starting the channel 
operation, and is sequenced as previously described. 

The BAR register is used only in chaining or continue opera- 
tions. It is sequenced only in regard to chaining operations. 


(4) FUNCTION CODE REGISTER OPERATIONS 
There are three function code registers per channel: the 


Operand Part 
Address 









>>> >D>Y 
>> 









Address Increment 
ee ee 
+2 
+4 
+8 
+P 
+2 
+4 









bbw 






-2 






oooooqcjo 





memory function code register, the device function code regis- 
ter, and the base function code register. The function code 
registers correspond to the address registers and are output on 
FC) ~ FC, when the corresponding address register provides 
the address for a DMA bus cycle. 


(5) TRANSFER COUNT REGISTER OPERATION 

The DMAC has two 16-bit transfer counter registers per 
channel: the memory transfer counter, and the base transfer 
counter. 

The memory transfer counter is used in all operations to 
count the number of operands transferred in a block. The mem- 
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ory transfer counter is decremented by one as each operand is 
transferred. This register is either initialized before the channel 
operation is started, or is loaded during chaining or continue 
operations. 

Both the memory transfer counter and the base transfer 
counter have a terminal count of zero (0). If either register is 
initialized or loaded with a terminal count when the channel is 
configured to use that register, a count error is signaled. 

@ INITIATION AND CONTROL OF CHANNEL OPERATION 

The Channel Control Register provides mechanisms for 
Starting, continuing, halting, or aborting an operation. It also 
controls the enabling of interrupts from a channel. 


(1) OPERATION INITIATION 

To initiate the operation of a channel the STR bit of the 
CCR is set to start the operation. Setting the STR bit causes 
the immediate activation of the channel, the channel will be 
ready to accept requests immediately. The channel initiates 
the operation by cleaning the STR bit and setting the channel 
active bit in the CSR. Any pending requests are cleared, and the 
channel is then ready to receive requests for the new operation. 
If the channel is configured for an illegal operation, the config- 
uration error is signaled, and no channel operation is run. The 
illegal operations include the selection of any of the options 
marked “(undefined, reserved)”. If the operation is dual-address, 
the device address register should have been previously initial- 
ized. The channel cannot be started if any of the ACT, COC, 
BTC, NDT or ERR bits is set in the CSR. In this case, the chan- 
nel signals the operation timing error. 

If the operation is unchained, the memory address register 
and the memory transfer counter should have been previously 
initialized. 

If the operation is chained, the base address register, and the 
base transfer counter should have been previously initialized. 


(2) OPERATION CONTINUATION 

The continue bit (CNT) allows multiple blocks to be trans- 
ferred in unchained operations. The CNT bit is set in order 
to continue the current channel operation. If an attempt is 
made to continue a chained operation, a configuration error 
is signaled. The base address register and base transfer counter 
should have been previously initialized. 

The continue bit may be set as the channel is started or while 
the channel is still active. The operation timing error bit is 
signaled if a continuation is otherwise attempted. 


(3) HALT 

The CCR has a halt bit which allows suspension of the opera- 
tion of the channel. If this bit is set, a request may still be 
generated and recognized, but the DMAC does not attempt to 
acquire the bus or to make transfers for the halted channel. 
When this bit is reset, the channel resumes operation and serv- 
ices any request that may have been received while the channel 
was halted. 


(4) SOFTWARE ABORT 

The CCR has a software abort bit (SAB) which allows the 
current operation of the channel to be aborted. The writing 
of a one (1) into the SAB bit causes a channel abort error to 
be signaled. When the CCR is read, the SAB always reads as 
zero (0). 


(5) INTERRUPT ENABLE 
The CCR has an interrupt enable bit (INT) which allows the 





channel to request interrupts on the completion of block trans- 
fers or on the termination of channel operations. If INT is set, 


‘the channel can request interrupts. If it is clear, the channel 


may not request interrupts. 


@ BLOCK TERMINATION 

As part of the transfer of an operand, the DMAC decrements 
the memory transfer counter. If this counter is decremented to 
the terminal count, the transfer counter is exhausted and the 
operand is the last operand of the block. The channel operation 
is complete if the operation is unchained and there is no con- 
tinuation, or if the operation is chained and the chain is ex- 
haused. The DMAC notifies the device of channel completion 
via the DONE output. When the transfer has been completed, 
the ACT bit of the CSR is cleared, and the COC bit is set. 

The occurrence of a bus exception during a bus cycle being 
run for a channel, or the occurrence of some error in the chan- 
nel terminates the block transfer and the channel operation. 
The bit of the CER corresponding to the error being signal is 
set. The ACT of the CSR is cleared and the COC and ERR bits 
are Set. 





(1) CHANNEL STATUS REGISTER 

The channel status register contains the status of the channel. 
The register is cleared by writing a one (1) into each bit of the 
register: to be cleared. Those bits positions which contain a 
zero (0) in the write data remain unaffected. 


coc 

The channel operation complete bit is set if the DMA trans- 
fer has completed. The COC bit is set following the termination, 
whether successful or not, of any DMA operation. This bit must 
be cleared in order to start another channel operation. This bit 
is cleared only by writing the channel status register or resetting 
the DMAC. 


PCS 

The peripheral status bit reflects the state of the PCL I/O line 
regardless of its programmed function. This bit is unaffected 
by write operations. 


PCT 

The peripheral control transition bit is set if an falling edge 
transition has occurred on the PCL line. This bit is cleard only 
by writing the channel status register or resetting the DMAC. 


BTC 

Block transfer complete is set when the memory transfer 
count is exhausted, the operation is unchained, and the con- 
tinue bit is set. This bit must be cleared before another continu- 
ation is attempted, otherwise an operation timing error is signal- 
ed. This bit is cleared only by writing the channel status register 
or resetting the DMAC. 


NDT 

Normal device termination is set when the device terminates 
the channel operation by asserting the DONE line while the 
device was being acknowledged. This bit is cleared only by 
writing the channel status register or resetting the DMAC. 


ERR 

This bit is used to report the occurrence of error conditions. 
It is set if any errors have been signaled. This bit is cleared only 
by writing the channel status register or resetting the DMAC. 


ACT 

This is the channel active bit. It is asserted after the channel 
has been started. The bit remains set until the channel operation 
terminates. This bit is unaffected by write operations. 
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(2) INTERRUPTS 

The INT bit of the CCR determines if an interrupt can be 
generated. The interrupt request is generated if INT is set and 
the bits COC or BTC are set in the CSR or the PCT bit is set 
and the PCL line is programmed to be an interrupt input. 

If a channel has an interrupt request, the DMAC makes an 
interrupt request by asserting the IRQ output. If the DMAC 
has an interrupt request pending, and receives an IACK from 
the MPU, the DMAC provides an interrupt vector. If multiple 
channels have interrupt requests pending, the determination 
of which channel presents its interrupt vector is made using 





CLK 
123 456 


ap nee 


Ai ~A7 


IACK 


= 
S| 





123 456 
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the same priority scheme defined for channel operations. 

The interrupt vector returned to the MPU comes from 
either the normal or the error interrupt vector register. The 
normal interrupt register is used unless the ERR bit of CSR is 
set, in which case the error interrupt vector register is used. 
The content of the interrupt vector register is placed on Dy ~ 
D,, and DTACK is asserted to indicate that the vector is on the 
data bus. If a reset bus exception occurs, all interrupt vector 
registers are set to SOF (binary 00001111), the value of the 
uninitialized interrupt vector. 





23 24 25 26 27 28 29 30 31 3a 


| 
| 


23 24 25 26 27 28 29 30 31 32 


*Interrupt Vector Number is output from MPX As/Do ~ Ai5/D7 pins. 


(NOTES) 1) This cycle is similar to the chip select cycle except it is triggered by |ACK. See the notes on the chip select cycle. 
2) tACK will be negated within one clock after AS is negated. 


3) The clock referenced above is the CPU clock. 
4) Data on Ay 6/Ds ~ A23/Di5 are undefined. 


Figure 34 MPU IACK Cycle to DMAC 
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(3) MULTIPLE BLOCK OPERATION 

When the memory transfer counter is exhausted, there are 
further blocks to be transferred if the channel is chained and the 
chain is not exhausted. The DMAC provides the reinitialization 
of the memory address register and the memory transfer count- 
er in these cases. 


CONTINUED OPERATIONS 

When the memory transfer counter is exhausted and the con- 
tinue bit of the CCR is set, the DMAC performs a continuation 
of the channel operation. The base address, base function code, 
and base transfer count registers are copied into the memory 
address, memory function code, and memory transfer count 
registers. The block transfer complete (BTC) bit of the CSR 
is set, the continue bit is reset, and the channel begins a new 
block transfer. If the memory transfer counter is loaded with 
a terminal count, the count error is signaled. 


ARRAY CHAINING 

This type of chaining uses an array in memory consisting of 
memory addresses and transfer counts. Each entry in the array 
is six bytes long and, consists of four bytes of address followed 
by two bytes of transfer count. The beginning address of this 
array is in the base address register, and the number of entries in 
the array is in the base transfer counter. Before starting any 
block transfers, the DMAC fetches the entry currently pointed 
to by the base address register. The address information is 
placed in the memory address register, and the count informa- 
tion is placed in the memory transfer counter. As each chaining 
entry is fetched, the base transfer counter is decremented by 
one. After the chaining entry is fetched, the base address 
register is incremented to point the next entry. When the 
base transfer counter reaches a terminal count, the chain is 
exhausted, and the entry just fetched determines the last block 
of the channel operation. 

The memory format for supporting the Array Chaining is 
shown in Figure 35. The array must start at an even address, 
or the entry fetch results is an address error. If a terminal count 


is loaded into the memory transfer counter, the count error: 


is signaled. Since the base registers may be read by the MPU, 
appropriate error recovery information is available should the 
DMAC encounter an error anywhere in the chain. 


LINKED CHAINING 

This type of chaining uses a list in memory consisting of 
memory address, transfer counts, and link addresses. Each entry 
in the chain list is ten bytes long, and consists of four bytes of 
memory address, two bytes of transfer count and four bytes of 
link address. The address of the first entry in the list is in the 
base address register, and the base transfer counter is unused. 
Before starting any block transfers, the DMAC fetches the 
entry currently pointed to by the base address register. The 
address information is placed in the memory address register, 
the count information is placed in the memory transfer counter, 
and the link address replaces the current contents of the base 
address register. The channel then begins a new block transfer. 
As each chaining entry is fetched, the update base address 
register is examined for the terminal link which has all 32 bits 
equal to zero. When the new base address is the terminal ad- 
dress, the chain is exhausted, and the entry just fetched deter- 
mines the last block of the channel operation. 

The memory format for this type of chaining is shown in 
Figure 36. This type of chaining allows entries to be easily 
removed or inserted without having to reorganize data within 
the chain. Since the end of the chain is indicated by a terminal 
link, the number of entries in the array need not be specified 
to the DMAC. All entries in the array must start at even address, 
or the entry fetch results in an address error. If a terminal count 
is loaded into the memory transfer counter, the count error is 
signaled. Becaused the MPU can read all of the DMAC registers, 
all necessary error recovery information is available to the 
operating system. 


Table 8 Chaining Mode Address/Count Information 


Base Addr. 
No. of 

BA of Array | Entries ree toneiee 
In Array | vounter — 


BA of Array | = | Pointer = 0 











Completed 


Chaining Mode When 







Array Chaining 


Linked Chaining 


Table 9 Continued or Chain Operation Overhead 










Multiple Transfer Mode Overhead (clock cycles) 


Continued Operation 24 


38* 





Array Chaining 
Linked Chaining 


* It is estimated that memory read cycles are done for 
4 clocks. 
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HMCS68000 


Supplies: 

Device Address 
Base Address 

Base Transfer Count 





Array RAM 
(List) 





Block D 


Block B 
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Base Address 






Address A (4 bytes) 
Count A (2 bytes) 
Address B 
Memory 
jemory 
ount C 
Memory 
Memory 






g quno9 







Block C 


Block A 
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vy luno9 


Device or 
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Figure 35 Array Chain Transfer 
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Figure 36 Linked Array Chain Transfer 
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(4) BUS EXCEPTION CONDITIONS 

The DMAC has three lines for bus exception conditions. 
A priority encoder can be used to generate these signals. In 
order to guarantee reliable decoding, the DMAC verifies that 
the incoming code has been stable for two DMAC clock cycles 
before acting on it. The lines are encoded in the following 
manner (0 = active). 


BEC 210 
1 1 1 — Noexception condition 
1 1 0 — Halt 
1 0 1 — Buserror 
1 0 O — Retry 
0 1 1 — Relinquish bus and retry 
0 1 O — (undefined, reserved) 
0 O 1 — (undefined, reserved) 
00 0 — Reset 


These signals indicate the presence of bus exceptions. All 
bus exceptions except halt are preemptory. The occurrence 
of a preemptory bus exception during a DMAC bus cycle forces 
the DMAC to terminate the bus cycle in an orderly manner. 
The preemptory bus exception must arrive prior to orin coin- 
cidence with DTACK in order to be recognized as an abnormal 
bus termination. Here coincident means meeting the same set 
up requirements for the same sampling edge of the clock. The 
DMAC does not generate any bus cycles if a bus exception 








ANY STATE 













IDLE MODE 


DMAC YIELDS BUS 


DMAC OWNS BUS 


REQ | REQN 





NO ACTIVE 


RESETTING 
ALL CHANNELS 
HLT, BER, RTY, RAT 


IDLE MODE 
WAITING FOR 
BEC CLEAR 


condition exists, and thus will not honor any requests until 
it is removed. However, the DMAC still recognizes requests. 
The reserved bus exceptions are not used by the DMAC, they 
should not be asserted during DMAC operations, as the result 
may be unpredictable. 


HALT 
The halt exception causes the DMAC to complete the opera- 
tion in progress and three-state the bus. It does not rearbitrate 
for the bus until this exception is removed. When halt is ne- 
gated, the DMAC resumes normal operation. 
Refer to Figure 38 for more specific timing diagram. 


BUS ERROR 

The bus error exception is generated by external circuitry 
to indicate the current transfer cannot be successfully com- 
pleted and is to be aborted. The recognition of this exception 
during a DMAC bus cycle signals the internal bus error con- 
dition for the channel for which the current bus cycle is being 
run. 

Refer to Figure 39 for more specific timing diagram. 


RETRY 
The retry exception causes the DMAC to terminate the 
present operation and retry that operation when retry is re- 





DTACK & HLT (DFC) 

















IDLE MODE 
WAITING FOR 
BEC CLEAR 








DTACK & HLT (DTC) 


(NOTE) When the DMAC is in “IDLE MODE WAITING FOR BEC CLEAR”, (BER or RTY is 
asserted in this state) the MPU cannot access the DMAC registers. BER or RTY must be 
negated before the MPU accesses the DMAC. The MPU can access the DMAC registers 


while HLT or RRT is asserted. 


Figure 37 Bus Exception Flow Diagram 
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moved. The bus is not relinquished for rearbitration and the 
operation is reinitiated when retry is removed. 
Refer to Figure 40 for more specific timing diagram. 


RELINQUISH AND RETRY 
The relinquish and retry exception causes the DMAC to 
three-state all bus master controls and when the exception is 
removed, rearbitrate for the bus to retry the previous operation. 
Refer to Figure 41 for more specific timing diagram. 
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RESET 

The reset exception provides a means of resetting and ini- 
tializing the DMAC from an external source. If the DMAC is 
bus master when the reset is received, the DMAC relinquishes 
the bus. Reset clears GCR, DCR, OCR, SCR, CCR, CSR, CPR, 
and CER for all channels. This resets STR, CNT, ACT and the 
interrupt generation bits and clears the status and error registers. 
The interrupt vector registers are set to SOF, the HD68000 
uninitialized interrupt vector number. 


123 4 5 6 7 8 9 10111213 14 15 16171819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


HALT 
(BECo~ BECz2)* 


BGACK 


BG 





123 4 5 6 7 8 9 10111213 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


Read - 
from Device 


Ore Mase Write 


Rearbitration to Memory 


————— Halt Asserted —~——-}+-— DMA —-++-——— Continue ———_— 


* BEC, ~ BEC; = Halt Code 


(NOTES) The following notes refer to all bus exceptions. 


Halted 


1) The Bus Exception wil! be acted upon if it is detected INTERNALLY before or at the same time as DTACK. nee 

2) The Bus Exception pins must be stable for two clocks before the DMAC will take any action. In addition, if the BEC pins are moving 
but are not stable, and a DTACK is also received, the DMAC will wait for the BEC pins to resolve (remain stable for two clocks) 
before terminating the cycle. If the BEC pins resolve to an exception code, the DMAC will act accordingly. If they resolve to the 
normal mode, the DMAC will terminate if a DTACK is received and will continue normal operation. 
NOTE: As long as the BEC pins are moving the DMAC will not start another cycle. 

3) If possible, the DMAC should allow exceptions to be honored if they are asserted after DTACK is asserted but before the cycle has 








finished terminating. 


4) If acycle is not running, the Retry and Berr exceptions will be ignored except that no bus cycles are started as long as anything is 


detected on the BEC pins. 
The following refer to the Halt exception only. 


5) If halt is received during a cycle, it does not terminate the operation. DTACK is still required. 
6) If halt is received when no bus cycle is running, the DMAC will simply give up the bus if it owns it. 
7) The DMAC wil! not attempt to re-acquire the bus until HALT has been negated. 


Figure 38 Halt Operation 
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123 4 5 6 7 8 9101112131415 16171819 31 32 33 34 35 36 37 


OTaCR gf TA M——*-—-_-——— 


—— pe 
ACK ———\ | aaa 

_ 
BERR’ ——S=«SNL 


CLK 
1234 5 6 7 8 9 101112131415 16171819 31 3233 34 35 36 37 


—-|+-—_——Berr on Write [de> Serer Other —— 


to Device Recovery Channels 
Cycle 


* BEC ~ BEC; = Bus Error Code 
** Single and Dual Cycle Source Address Error — 24 clocks 
Dual Cycle Destination Address Error — 28 clocks 


(NOTES) 1) In the case of preemptory bus exception, the bus cycle will always terminate immediately, but normally ; i.e. it will sequence off as if 
a DTACK had been received. OTC will not be asserted. 
2) In the case of a Berr, the DMAC will not terminate the cycle until the BEC pins have been stable in the Berr code for at least two clocks, 
even if a DTACK is also received. 
3) See the bus exception comments below the Halt diagram. 





Figure 39 Berr Operation 
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CLK 





1234 5 67 8 9 101112131415 1617 18 192021 22 23 24 25 2627 28 29 30 31 


+ Write ——--+- —- Bus Idle =| Write Retry | ____ 
to Device 
Retry Asserted 
* BEC, ~ BEC, = Retry Code 
(NOTES) 1) In the case of a preemptory bus exception, the bus cycle should always terminate immediately, but normally ; i.e. it should sequence 

off as if a DTACK had been received. i 

2) In the case of a Retry, the DMAC should not terminate the cycle until the BEC pins have been stable in the Retry code for at least 
one clock, even if a OTACK is-also received. 

3) See the bus exception comments below the Halt diagram. 


Figure 40 Retry Operation 
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123 4 5 6 7 8 9101112 13 14 15 1617 18 19 2021 22 23 24 25 26 27 28 29 30 31 








123 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


—— Read —______-++— Other —_~}+-—- Read Retry ——}+-—_ 
Relinquish and Retry Master and 
Asserted Rearbitration 


* BEC, ~BEC, = Relinquish and Retry Code 


(NOTES) 1) In the case of a preemptory bus exception, the bus cycle should always terminate immediately, but normally; i.e. it should sequence 
off as if a DTACK had been received. tN 
2) In the case of a Relinquish and Retry, the DMAC should not terminate the cycle until the BEC pins have been stable in the Relinquish 
and Retry code for at least two clocks, even if a DTACK is also received. 
3) See the bus exception comments below the Halt diagram. 


Figure 41 Relinquish and Retry Operation 


BEC CONTROLS 

If the BEC controls are asserted to a state that is undefined/ 
reserved, this version of the DMAC will enter a wait state and 
resume operation when the exception is removed. 


(3) ERROR CONDITIONS 

When an error is signaled on a channel, all activity on that 
channel is stopped. The ACT bit of the CSR is cleared, and the 
COC bit is set. The ERR bit of the CSR is set, and the error 
code is indicated in the CER. All pending operations are cleared, 
so that both the STR and CNT bits of CCR are cleared. 
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SOURCES OF ERRORS 

Enumerated below are the error signals and their sources. 
Configuration Error 

A configuration error is signaled if chaining is programmed 
and the continue bit is also set. Configuration error is signaled 
if DTYP specifies a single-address transfer, and the device port 
size is not the same as the operand size. Configuration error is 
signaled if DTYP is 68000 or 6800, DPS is 16 bits, SIZE is 8 
bits, and REQG is 10 or 11 (request pin). Setting an undefined 
configuration will signal a configuration error. The undefined 
configurations are: XPM = 01, MAC = 11, DAC = 11, CHAIN = 
01, SIZE = 11. 


Operation Timing Error 

An operation timing error is signaled if an attempt is made 
to continue an operation without STR being simultaneously 
set or if the channel is not active. Operation timing error is 
signaled if an attempt to set STR is made with ACT, COC, 
BTC, NPT, or ERR asserted. Operation timing error is signaled 
if an attempt to write to the DCR, OCR, SCR, GCR, MAR, 
DAR or MTC is made with STR or ACT asserted. Operation 
timing error is signaled if an attempt to assert CNT is made 
when CHAIN is 10 or 11 (chaining modes). Operation timing 
error is signaled if an attempt to assert CNT is made when BTC 
and ACT are asserted. 


Address Error 

Address error is signaled if an odd address operation is at- 
tempted with word or long word operands or if CS or IACK is 
asserted while the DMAC is bus master. The address error is 
asserted after the odd address is encountered, this is consistent 
with the processor operation. 





Bus Error 
A Bus error occurred during the last bus cycle generated by 
the channel. 


Count Error 

A count error is signaled if the memory or base transfer 
count registers are initialized with terminal count. A count 
error is signaled if a terminal count is encountered during con- 
tinue or chain processing. , 


Abort 
An abort error is signaled if the PCL line was configured as 

an abort input and made an active transition, or if the channel 

operation was aborted by the SAB bit of the CCR. 

Note: | When the PCL line is used as an abort input, the PCT 
bit should be cleared prior to starting the channel. If the 
PCT bit is set prior to the channel being started, the 
DMAC will recognize this as an external abort when the 
channel is started. 

When the transfer mode is set to dual addressing 
mode, the transfer direction is set to I/O device to mem- 
ory, and PCL signal is set to external about input mode, 
the external abort for that channel will be ignored after 
a DONE input from the I/O device is received during the 
channel’s I/O device-to-memory data transfer cycle. 
After the DONE input, the channel will accept external 
abort when the channel is properly reinitialized and is 
restarted. In order to detect an external abort of the 
above kind, the user is advised to examine the PCT bit of 
the channel status register (CSR) along with the ERR 
bit. If the PCT bit is set and ERR bit is reset, then he 
can conclude that an external abort has occurred in the 
DONE cycle and take an appropreate action. 





HD68450-4,HD68450-6,HD68450-8 


ERROR RECOVERY PROCEDURES 

If an error occurs during a DMA transfer, appropriate infor- 
mation is available to the operating system to allow a “soft 
failure’ operation. The operating system must be able to 
determine how much data was transferred, where the data was 
transferred to, and what type of error occurred. 

The information available to the operating system consists of 
the present values of the Memory Address, Device Address and 
Base Address Registers, the Memory Transfer and Base Trans- 
fer Counters, and control, status, and error registers. After the 
successful completion of any transfer, the memory and device 
address registers points to the location of the next operand to 
be transferred and the memory transfer counter contains the 
number of operands yet to be transferred. If an error occurs 
during a transfer, that transfer has not completed and the reg- 
isters contain the values they had before the transfer was 
attempted. If the channel operation uses chaining, the Base 
Address Register points to the next chain entry to be serviced, 
unless the termination occurred while attempting to fetch an 
entry in the chain. In that case, the Base Address Register points 
to the entry being fetched. 


MULTIPLE ERRORS 

The DMAC detects and services multiple errors, however the 
content of CER (channel error register) retains the first error 
that the channel has encountered regardless of what type of 
errors occur after the first one. 


@® CHANNEL PRIORITIES 

Each channel has a priority level, determined by the contents 
of the Channel Priority Register (CPR). The priority of a chan- 
nel is a number from 0 to 3, with 0 being the highest priority 
level. When multiple requests are pending at the DMAC, the 
channel with the highest priority receives first service. The 
priority of a channel is independent of the device protocol or 
the request mechanism for that channel. If there are several 
requesting channels at the highest priority level, a round-robin 
resolution is used, that is, as long as these channels continue to 
have requests, the DMAC does operand transfers in. rotation. 


@ APPLICATIONS INFORMATION 

This section contains examples of how to interface various 
1/O devices to a HMCS68000/DMAC based system. 

Figure 42 shows an example of how to demultiplex the ad- 
dress/data bus. 

Figure 43 indicates the example of how to latch the data, 
when the DMAC has two channels which operate in 6800 mode. 

Figure 44 indicates the example of inter-device connection 
in the HMCS68000 system. 


8 APPLICATION NOTE 

The use of thick wiring is recommended between the ground 
pins of HD68450 and the ground of the print circuited board, 
as transitional current of 500mA is expected. When the user 
uses a socket to install the chip on the board, please be sure 
that the contact of the ground pins (pin 16 and pin 49) are 
made well. 
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Figure 42 Required Multiplexed Data/Address Hardware for the Bus Control! Logic 
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Figure 43. An Example of Connection with Peripheral Devices in 6800 Mode 
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Figure 44 An Example of Inter-device Connection in the HMCS68000 System 
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DMAC (Direct Memory Access Controller) 
~ADVANCE INFORMATION- 


Microprocessor implemented systems are becoming increas- HD68450-10 
ingly complex, particularly with the advent of high-performance 
16-bit MPU devices with large memory addressing capability. In 
order to maintain high throughput, large blocks of data must be 
moved within these systems in a quick, efficient manner with 
minimum intervention by the MPU itself. 

The HD68450 Direct Memory Access Controller (DMAC) 
is designed specifically to complement the performance and 
architectural capabilities of the HD68000 MPU by providing the 
following features: 


@ HMCS68000 Bus Compatible 

4 independent DMA Channels 

@ Memory-to-Memory, Memory-to-Device, Device-to-Memory 
Transfers 

MMU Compatible 

Array-Chained and Linked-Array-Chained Operations 
On-Chip Registers that allow Complete Software Contro! by 
the System MPU 

Interface Lines that Provide for Requesting, Acknowledging, 
and Incidental Control of the Peripheral Devices 

Transfers to/from HMCS68000 or HMCS6800 Peripherals 
Variable System Bus Bandwidth Utilization 

Programmable Channel Prioritization 

2 Vectored interrupts for each Channel 

Auto-Request and External-Request Transfer Modes 

Up to 5 Megabytes/Second Transfer Rates 

+5 Volt Operation 

Max 10 MHz Frequency of Operation 


The DMAC functions by transferring a series of operands 
(data) between memory and device; operand sizes can be byte, 
word, or long word. A block is a sequence of operations; the 
number of operands in a block is determined by a transfer 
count. A single-channel operation may involve the transfer of 
several blocks of data between memory and device. 


= DMAC ACCESSIBLE REGISTERS 


HD68450 


tt) 7 


General 
Control Register |“ One Per DMAC 
9 7 
Channei 
Status Register 
Ch 
Error Register 
O 
Control Register 
Ope 
Controt Register 
Seq 
Control Register 
Chi 
Ni 
« 
_ Chi 
Me 
De 











anne! 
evice 
ration 
uence 
annel 
Control Register, 
jormal One Set Per 
interrupt Vector Channet 
ror ) 
(atercupt Vector (Top View 
anne 
Priority Register 
mory 
Function Codes 
jevice 
Function Codes 
Base 
Function Codes 15 
Memory Transfer Counter 
Base Transter Counter 31 
Memory Address Register 
Device Address Register 


Base Address Register 
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THE RELATED 
DEVICES 


4-bit Single-chip Microcomputer 
HMCS40 Series 

MOS Memories 

Bipolar Memories 

Gate Arrays 

TTL HD74/HD74S/HD74LS Series 
Advanced Low Power Schottky TTL 
HD74ALS Series 

CMOS Logic HD14000B/UB Series 
Linear ICs 

interface Circuits 

LS! for Speech Synthesizer System 
LCD Driver Series 

CODEC/Filter Combo LSI 
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4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 


= HMCS40 SERIES PRODUCT CHARACTERISTICS 








































Family Name HMcs44a | HMCS44C 
[Process tC—“‘S’SOCL ©PMOS) [| )~CMOS” | = PMOS {| ~=CMOS” |= PMOS' S| CMOS 
g | -to | CCT 10 6 
| Power Dissipation =, ss (mW) | = 100—s| 15 Cf 100s | 2150 2 
8 | Max. /O Terminal Voltage (V) | -50 | 10°*** [| -50_ | 10**** | -50 | 10**** 
a 1.8V/10mA | 2.4V/=1mA | 1.8V/10mA | 2.4V/-1mA | 1.8V/10mA | 2.4V/-1mA 
& | Output Characteristics evra Savi Gna Peviane aa 
3 | Operating Temperature Range ((C) |-20~+75** |-20 ~ +75** ~20 ~ +75** |-20 ~ +75** 
|Package tt —“‘CS*sLS COB TPB | P-42_ |S P-42_— |S P-42_—|_——sCéPP-42 
B12x 10 | 612x 10 | 1,024x 10 | 1,024x 10 | 2,048x 10 | 2,048x 10 
Memory 32 x 10 32 x 10 64 x 10 64x 10 128 x 10 128 x 10 
RAM (bits) 32x 4 32x4 80 x 4 80 x 4 160 x 4 160 x 4 
4 ae eee es es ee ee ees 8 
Stack Registers 2 2 3 —— 4 4 
Data Input _ ma 
Discrete Input = ans 
g | WOPons eats Ourpat —— a 
(2) 
: axa 
rg | 1x 16) 1x 16 
2 
Interrupts Yes Yes Yes 
| EventCounter | | CU Ves | Yes Yes Yes 
Instruc- | Number of Instructions | 51] 51 | 7d | 
ST ee eee 10 
[Battery Backup SSS da SRAM oid a 
HD38750E HD38750E 
eee eee fre i 


* 


Preliminary. 

-40 ~ +85°C is available. Please contact Hitachi Agents. 

*** Pattern Memory. 

**** Applied to NMOS open drain outputs. Supply Voltage +0.3(V 


ee 


= OUTLINE OF HMCS40 SERIES 


LCD-Driver 
CMOS 





(to be continued) 


) is applied to other pins. 





Low Power Consumption 
CMOS 


High-Voltage 
PMOS 
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4BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 
















































Family Name HMcs454_| HMCS45C_| HMCS46C_| HMCS47A*_| HMCS47C_ 
|Process — tttst~“‘SC{: ~PMOSS—C|_~CCMOS) | ~CCMOS | SC PMOS” | ~SCCMOS_ 
B| Supply Voltage = (Vv) | tos} CT CTT] 
3 [Power Dissipation SL 
8 Max, 1/O Terminal Voltage (Vv) 
£ ee 10mA | 2.4V/-1mA jo 1.8V/10mA > imA 
ne Ean .6mA | 0.8V/1.6mMA 1 BV/SenA 
4 | Operating Temperature Range (°C) =e ~20 ~ +75** 20 ~ +75" 
2,048 10, 2048 x10, 4,096x 10 | 4,096x10 | 4,096x 10 
(bits) Se cee! one ee 
Registers cr 8 | 6 | 6 4] 
Stack Registers 4 
At a ee 
Discrete Input aE Raa ease 
, | woven FoeeCapet gg Fn EC (2a ed 
o 
g Data Input/Output | 4x6 | 1 4x6 | — x4 4x6 4x6 
2 Pixie] Pixie] fixie] xi 
External sk ee a SE eg a ve 
Interrupts ee ee ee 
Event Counter 
Instruc- Number of Instructions 
tions | Cycle Time (us a | a ae | a ee ee 
ee 
Battery Back-up | RAMHoid | Wat [Wat | RAM Hold] Han 


Evaluation Chip 


* 


Preliminary. 
-40 ~ +85°C is available. Please contact Hitachi Agents. 
*** Pattern Memory. 


“+ 


HD44850E 
HD44857E 


**** Applied to NMOS open drain outputs. Supply Voltage +0.3(V) is applied to other pins. 


944 


© HITACHI 














HD44857E 





———— 4BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 


® LCDI/M CHARACTERISTICS 


LSI Characteristics 


Functions 










Type Number LCD-0 LCD-Il 
HD44795/ 
Type Number HD44780 HD44790 
Process CMOS CMOS 
Supply Voltage (V) 3/6V" 


20-87 TF | -OFTTOH 
Package FP-80 
Power Dissipation (mW) 0.36/2.4 
[Robie [= «dH x tO 
Memory [Pattern ROM [=| 128% Obi 
160x4 





Universal _ 32 
1/0 | Interface with CPU 11 _ 

Interface with 

Driver IC 4 (4) 


= San 
Interrupt - 
Timer/Counter Fo Yes 
Instruc- Number of Inst. (11) (71) 
tions = 20710 
Common [eT 





Segment 40 32 
LCD 1/8, 1/11, static, 
Drive Pury 1/16 1/2, 1/3, 1/4 
static, 
16 Digits 4 x 32 Matrix 










(5 x 7 Dot Matrix 
1/16 Duty) 


Expandable to Expandable to 
80 Digits using 4 x 128 Matrix 
external driver using external 
HD44100H driver HD44100H 


Display Capability (1/4 Duty) 








Comment 

















* Except for Power Supply for LCD. 
** _AQ ~+85°C is available. Please contact Hitachi Agents. 
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MOS MEMORIES 










































































= MOS RAM 
.,,. | Access} Cycle Power Package t 
Mode ieee Type No. Process gical ee |p | Fe] se | Renae: 
(word x bit) riax.- > -min (Vv) (w) Fie | cc] ca] | 
HM4334.3 | 300 | 460 | a | | fete! | | Hm65149 
HMa334-4 450_| 60 | Tete 
HM4334-3L | 300 | 460 | ne 
[450 | 640 | 
HMeTa8 omen! LoL eters 
M6148 fete] [fares 
HM6148L 70 | 70 By/0.2 mek ae 
HNG148L 6 a |_ 85 | Sa a a 
[36 [as Pee 
0.1/0.2 Pepe aieas 
Petar Hrs 
a 35 [38 | fale 
bit [HM6148HL-45** 45 45 5u/0.3 mm ae 
Hie 1aBHL Se [35 8s i ce ee 
Hera? oe nS 
FMB 1a7S 35 [3 | ee 
ane ss [35 ios 
HM6147L-3 | 55 | 55 | 
HM6147H-35 , | 35 | 35 | fe} [| 2147H-1 
HM6147H-45 Oe [48 | Tr fele| || 2472 
HM147H-55 ae rete 
[35 [38 | Gk) PN Ua Ie 
a eae cs Eee 
as = Fs ia sd 
Static CMOS oe Ria Paired 
HMi6116-4 refe[ele] _| 
HMG1T6L-2 [120_[ 120 | ; ete Pe 
HM6116L-3 | 150 | 150 | 20y/0.16 | fefe|e| | 
HMG1T6L-4 Pepe 
Pa Le 
HM6116A-12 120 | 120 | | |e] [e| 
HWBT16A-15 ‘iia LO ea oer eC a GE FC 
- HM6116A-20 200 | 200 (| [ fel |[e] 
HM6116AL-10 100 | 100 ) {| [el fe] 
HM6116AL-12 120 | 120 Bu /10m | {| | [el |e] 
HM6116AL-15 150 | 150 F | fe] fe 
HM6116AL-20 200 | 200 fe] | ef 
tek-[HMETI7S | 160 | 160 sans Trey | 
: 200 | 200 ae 
HM6117L-3 150 | 150 route | [ [el el | 
HM6117L-4 200 | 200 | [| [ele] | 
a5 | 4 a EE 
ss [8 | | o.1mio.as OE OH a! 
HM6168H-70* Pree 70 ee ee ee 
HM6168HL-45* 45 | 45 | Lf eod eee ol Sl 
HM6168HL-55* | 55 | 56 | 5u/0.25 ks ie 
[HMer6aHL-70"_ ie a a 
[HM6167, CS 70 Pel 2167 
HM6167-6 | 85 | | tele] | | 21676 
HM6167-8 cena [100 | | f[ef[e{ | [21678 
[HMere7 70 [70 ie a 
[Hwer675 | [a5 [5 | me Ga x at 
[aMere7L 8 | [100 [100 ee ee el 





(to be continued) 
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MOS MEMORIES 







o.tmi2 il 


HM6167H-55 







: Access | Cycle Power P. t 
Organiza- : 4 Supply sa ackage 
Mode to Type No. Process tion Heh ins Voltage spe: 
twordxbie| wax [atin | WE] tat | ne [ec|es| c |r | Fe [sr 


as a 
ar 55 | Ge a 2 a al 
[00 | 700] rT 4 


HM6264L-10 


























































| 120 | 120 | au 1 a a es ee 
50780 ec 
|_ 120 | 320 | ead Ea Eo es ee 
| 150 | 320 | +12. ee TY 
3 Ea at A CH 
sooo |=] i a 
HM4816A-3 [700 | 235 | eee Teele ee | 
ek| (eee 
HM4816A-4 | 120 | 270 ; Pf tele] [| 
HM4816A-7 | 150 | 320 | ae RE ee ee 
270 See 
Dynamic HM4864.3 | 200 [335 | |. Le{ [efe; | | 
HM4864A-12 | 120 | 230 | Lethe let | 4 

_ HM4864A-15 ee | 260 | | ferfefeot | | 
HM4864A-20 | 200 | 330 | ete ee 
HM4865A-12** | 120 | 230 | Fee a Ee 
Piso fas | faomears) [re 
HM4865A20"* | 200 | 330 | lose lb OS dee) | 





* Under development ** Preliminary 4 HM6116LP Series: 10uW 

+ The package codes of CC, CG, G, P, FP and SP are applied to the package materials as follows. 
CC: Side-brazed Ceramic Leadless Chip Carrier, CG: Glass-sealed Ceramic Leadless Chip Carrier, G: Cerdip, P: Plastic DIP, 
FP: Small Sized Plastic Flat Package (SOP), SP: Skinny Type Plastic DIP. 
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Replace- 
ment 
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MK4116-2 
MK4116-3 
MK4116-4 
2118-3 


2118-4 
2118-7 
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MOS MEMORIES 


= MOS ROM 


sa ia ai 


256k-bit 








Power Dis- 
sipation 
(W) 





Organization 
(word x bit) 















16384 x 8 
32768 x 4 
16384 x 8 | 250 | 
32768 x 8 
65536 x 4 

















































HN613256 s2768x8 | 250 _ 
7 ig1072%x8 | 360 
16k-bit 2716 
HN462532 TMS2532 
HN462732 2732 
32k-bit | HN482732A-20 2732A-2 
HN482732A-25 2732A 
HN482732A-30 2732A-3 
pe ay fi HN482764 2764 
trically 64k-bit | HN482764-3 2764-3 
HN482764-4 
HN4827128-25** 
128k-bit | HN4827128-30** 16384 x 8 
HN4827128-45** 
ciety | rekie | HN4s0v6 eee 





* Under development. 

** Preliminary 

+ The package codes of C, G, P and FP are applied to the package materials as follows. 
C: Side-brazed Ceramic DIP, G: Cerdip, P: Plastic DIP, FP: Plastic Fiat Package. 


= MOS MEMORIES OF WIDE OPERATING TEMPERATURE RANGE 


ae Operating Acess ae P. t 
Total Bit Type No. eee Temperature Time (ns) ey ane 
Range (°C) max id Pin No. | P| 


-40 to +85 


HM61161-3 | 150 
| 120 | 

Pave 

| 150 | 

| 200 | 


HM61161-4 
ee — 
Gak-bit 65536 x 1 
















Mode 






0.1m/0.18 









Static RAM 24 






2u/0.16 

























0.1m/0.18 








HM6116K-4 





200 
HM6116LI-2 
16k-bit 2048 x 8 
HM6116LI-3 
HM6116L1-4 200 
HM6116K-3 
Dynamic RAM i 
H 

MaS6aK-2 Beer eS 

HN462732! 4096 x 8 40t0+85 | 450 | 


15m/0.3 
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BIPOLAR MEMORIES 


# BIPOLAR RAM 


3 Organization A paeraaees ackage Replace- 
Level Total Bit Type No. P Time | Voltage | Dissipation 
Tow e] Treen. | ical (ns) max} (Vv) | imW/bit) Pa eo baal 





F10414 





















































































| 8 | 
| 35 meas F10415 
| HM2110-1 tt F10415A 
ee ee 
| 8 | opt 
Eton F104%2 
ECL 10K oe 
HM10470 | 25 | |e | | F10470 
HM10470-1 asec | 15 | at] 
Open [18 a 
M2142 Emitter 10 | r | 
Tce [25 | / | F047 
HM10474-15 } 15 | fi | 
NC a | Fiodao 
HM100415 1024 x 1 | 10 | | © | F100415 
[10 [= | Fi00a72 
ae 35 [_[Fi00470 
ECL100K HM100470-15 } 15 | | | 
HM100474-15 AS | | 
[Weicbie | HiwrooMso | T6564 xT |_| Fiosaa0 
Ts Pp sean 
HM2504-1 é | 45 | | fel] | 93411A 
Collector’ |__ 20° | | fel | 
TTL HM2510-1 | 45 | 16 ° ar 93415 
1024 x1 | 35 | ed 93415A 
HM2511 a Se ae Rim 
P45 Pf | [9346 


* Preliminary. 
+ The package codes of F, G and CC are applied to the package material as follows. 
F: Flat Package, G: Cerdip, CC: Side-brazed Ceramic Leadless Chip Carrier. 


® BIPOLAR PROM 
i i oe purely Beater 
‘ Organization : ackage 
Total Bit Type No. ( : Output Time (ns) Voitage marry 
word x bit) 
maw eae 


HN25084 


HN2086 
HN25089 


[N25 1685 O16 
rs Ome 
sce RE ay FOE 


+ The package code of G is applied to the material as follows. 
G: Cerdip 



















Replacement 













8238136 
828137 
828184 
828185 








2048 x 4 





















828180 





TTL 






1024 x 8 





















8285190 
828191 
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GATE ARRAYS 


CMOS Gate Array HD61J/HD61K/HD61L Series 





= Features 
@ Fastoperation . 0... ect et teens @ Input/output format... 2... ee te tees 
Internal gates 5ns/gate (typ.) All 68 pins selectable for INPUT/OUTPUT/INPUT- 
Input buffers 15ns (typ.) OUTPUT 
Output buffers 20ns (typ., CL = 50pF) Outputs selectable for CMOS/OPEN DRAIN/3-STATE 
@ Low power dissipation... . 0... 0... cece eee ee ees @ Reliable package 
130 W/gate (typ., 10 MHz) @ Simple customer interface .. 1.1... . cc eee ee es 
@ Logicblocks ..... 56 kinds Logical diagrams and test patterns only 
@ Short development time and low development cost 
@ Suitable for production of proliferated types in a small 
quantity 
& Family 






HD61L Series 









Gate Numbers 
(2-NAND Equivalent Gate) 


Max. 1/O Numbers 


1584 


68 
DP-28, DP-40, DP-42, DP-64S, FP-60, 
FP-80, DC-28, DC-40, AQC-72 








Package 


@ Absolute Maximum Ratings 
























Rating 
Supply Voltage V 
Terminal Voltage 
Operating Temperature 


Storage Temperature 


™ Electrical Characteristics (Vcc = 5V+5%, Tag = -20 to +75°C unless otherwise specified) 








item [Symbol | Test Conditions |_min. | typ. | max. | Unit 

eee er CR 1 

pa aa Sc a OY 

CT a STOO 

input sakes Gurent | 

Gutpu Leakage Current” | — va — | Va=E26V, at high mpedanon outa | = =] 10 aa 
ra ae 

Delay Time tod F.0.=16 | — [| 15 | - | ns 
Cy =130pF he ets Sas Ie oes 

Ege RS A ed EL 


Dissipation | Standby Vec=5V, internal gate } - | 10 | -— | WA 
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Bipolar Gate Array 400 Gates LS TTL HD25L Series 





= Features 

@ LSTTL 400 Gates. ce ec ete teen en @ Internal gates can be wired-OR.. 1.0... cee ees 
378 3-input NAND Gates Expanded logic functions 

54 Output Buffers @ LSTTL compatible input/output ........0 0... ee ee 

@ High speed with low power dissipations .............. Selectable totem-pole/3-stage/open-collector output 
Internal gate: 3.4ns @2.4 mW @ Avariety of DA system support facilities ..........05. 
Output buffer: 4.6ns @3.4 mW Only logic diagrams and test patterns needed as an interface 
(typical values per gate, including fan-out) with the user 

@ No input buffer needed ... 0... . ee ee es @ High-reliability package 


Reduced number of gate stages 


@ Electrical Characteristics 
© DC Characteristics (7,=0 to +70°C) 




















Item Symbol min. | typ. max. Unit 
Vi el ea 

l Vv 
ene Vit [= [= oa 
Input Clamp Voltage Vi Vec=4.75V, lin=-18mMA fr - | = | -1.5 V 
VOH Vec=4.75V, lon=-400"A 2.7 - - Vv 
eee eee Vou | Veo=4.75V, Tou =8mA = =f sv 
D Vec=5.25V, Vi=5.5V ~- - 1 mA 
Input Current Nw Vec=5.25V, V/=2.7V | — {| - [  20xa* | pA 
Mie Vec=5.25V, Vi=0.4V = = -400 xb* BA 
Output Current !OH Vec=5.25V, VoH=5.5V - { - | 100 {| BA 
Short-circuit Output Current los Vec=5.25V -40 - mA 
Tozn | Vee=6 26V, Vo=2.1V =e rs ee ea 

ff- | fozn__| 

pelbeaicas cael loz. | Voo=6.25V, Vo=0.AV fee ele ee an 
Supply Current loc Vee=5.25V | = | typ. value x 1.4 | mA 


* :a=mtf, b=m+2f 
where, m: number of inputs to internal gates. 
f : number of inputs to output buffers. 


**: Differs depending on the number of gates used. 


@ AC Characteristics (3-input NAND, Vec=5V, 7a=25°C) 


Item | Symbol_| __—TestConditions | min. | typ. | max. | 
Propagation Delay Time of Internal Gates ited =| Cu=15pF, F.0=3 = =6[| - | 34 [ 53 | 
Totempoie | tea Cu 160F, Ac =2RT |= a 

a 
a-tat 
ZU Ww 


















Propagation 
Delay Time of 
Output Buffers 
















Cir=15pF, RL=2kQ2 
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TTL HD74/HD74S/HD74LS SERIES 


« PERFORMANCE (per gate) =» MAIN CHARACTERISTICS (Ta=-20~ +75°C) 
HD74 | HD74S | HD74LS 



















Performance 





Propagation 
Delay Time 
Power 

Dissipation 


Speed-Power 
Product 









HH (VIH min) 





_# SELECTION GUIDE 
@ NAND/NOR/AND/OR GATES 


Function HD74 Series HD74S Series | HD74LS Series 
00 00 


Quad. 2-input Positive NAND Gates 00 
Quad. 2-input Positive NAND Gates (with Open Collector Outputs) 01 - 01 
Quad. 2-input Positive NOR Gates 02 02 02 
Quad. 2-input Positive NAND Gates (with Open Collector Outputs) 03 03 03 
Hex Inverters 04 04 
Hex Inverters (with Open Collector Outputs) 05 05 
Hex Inverter Buffers/Drivers (with Open Collector High-voltage Outputs) 06 - 
Hex Buffers/Drivers (with Open Collector High-voltage Outputs) 07 - 
Quad. 2-input Positive AND Gates 08 08 
Quad. 2-input Positive AND Gates (with Open Collector Outputs) 09 09 


Triple 3-input Positive NAND Gates 

Triple 3-input Positive AND Gates 

Triple 3-input Positive NAND Gates (with Open Collector Outputs) 
Dual 4-input Schmitt NAND Gates 

Hex Schmitt-trigger Inverters 

Triple 3-input Positive AND Gates (with Open Collector Outputs) 
Hex Inverter Buffers/Drivers (with Open Collector High-voltage Outputs) 
Hex Buffers/Drivers (with Open Collector High-voltage Outputs) 
Dual 4-input Positive NAND Gates 

Dual 4-input Positive AND Gates 

Dual 4-input Positive NAND Gates (with Open Collector Outputs) 
Expandable Dual 4-input Positive NOR Gates (with Strobe) 

Dual 4-input Positive NOR Gates 

Quad. 2-input High-voltage Interface NAND Gates 

Triple 3-input Positive NOR Gates 

8-input Positive NAND Gate 

Quad. 2-input Positive OR Gates 

Quad. 2-input Positive NAND Buffers 

Quad. 2-input Positive NAND Buffers (with Open Collector Outputs) 
Dual 4-input Positive NAND Buffers 

Quad. Bus Buffer Gates with 3-state Output (Inverting) 

Quad. Bus Buffer Gates with 3-state Output (Noninverting) 

Quad. 2-input Positive NAND Schmitt Triggers 

13-input Positive NAND Gate 

12-input Positive NAND Gate (with 3-state Out.) 

Dual 4-input Positive NAND Line Drivers 

Hex Bus Buffers/Drivers (with 3-state Outputs) 

Hex Bus Buffers/Drivers (with 3-state Outputs) 

Hex Bus Buffers/Drivers (with 3-state Outputs) 

Hex Bus Buffers/Drivers (with 3-state Outputs) 


125A 
126A 
132 


365A 
366A 
367A 
368A 


(to be continued) - 
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TTL HD74/HD74S/HD74LS SERIES 


®@ AND-OR-INVERT GATES 


















HD74LS Series 


HD74 Series HD74S Series 


Function HD74 Series HD74S Series | HD74LS Series 


Function 


Expandable Dual 2-wide 2-input AND-OR-INVERT Gates 
Dual 2-wide 2-input AND-OR-INVERT Gates 

Expandable 4-wide 2-input AND-OR-INVERT Gate 
4-wide 2-input AND-OR-iINVERT Gate 

2-wide 4-input AND-OR-INVERT Gate 

4-2-3-2-input AND-OR-INVERT Gate 

4-2-3-2-input AND-OR-INVERT Gate (with Open Collector Outputs) 












® EXPANDER 


@ FLIP FLOPS 


Function HD74 Series HD74S Series | HD74LS Series 
72 - 


J-K Master-Slave Flip Flop (AND Inputs) 
Dual J-K Flip Flops 












Dual D-type Edge-triggered Flip Flops 74 74 74A 
Dual J-K Flip Flops (with PR and CLR) 76 - 76 
Dual J-K Flip Flops (with PR, Common CLR, and Common CK) 

Dual J-K Flip Flops 107 
Dual J-K Positive Edge-triggered Flip Flops (with PR and CLR) _ - 109A 
Dual J-K Negative-edge-triggered Flip Flops (with PR and CLR) - 112 112 
Dual J-K Negative-edge-triggered Flip Flops (with PR) - 113 113 
Dua! J-K Negative-edge-triggered Flip Flops (with PR, Common CLR, 2 114 114 











and Common CK) 
Monostable Multivibrator 





Retriggerable Monostable Multivibrator — 

Dual Retriggerable Monostable Multivibrators 123 ~ 123 
Hex D-type Flip Flops (with CLR) 174 174 174 
Quad. D-type Flip Flops (with CLR) 175 








Dual Monostable Multivibrators (with Schmitt Trigger) 
Octal D-type Flip-Flops (with Common CK, and Single-Rail Outputs) 





® COUNTERS 
Function HD74 Series HD74S Series | HD74LS Series 
Decade Counter 90A - 90 
Divide-by-Twelve Counter 92A - 92 
4-bit Binary Counter 93A - 93 
Presettable Decade Counter/Latch 176 - - 


4-bit Binary Counter/Latch 177 - _ 
Synchronous 4-bit Binary Counter 161 - 161 
Fully Synchronous Decade Counter 162 - 162 

163 163 


Fully Synchronous 4-bit Binary Counter - 
Synchronous Decade Decimal Rate Multiplier 167 - _ 
Synchronous Decade Up/Down Counter 190 - 190 


(to be continued) 











@ HITACHI 953 


TTL HD74/HD74S/HD74LS SERIES 


Function HD74 Series HD74S Series | HD74LS Series 





Synchronous 4-bit Binary Up/Down Counter 191 
Synchronous Decade Up/Down Counter 192 
Synchronous 4-bit Binary Up/Down Counter 193 
Decade Counter 290 
4-bit Binary Counter 293 
Dual 4-bit Decade Counters 390 
Dual 4-bit Binary Counters 393 
Dual 4-bit Decade Counters 490 
Synchronous Decade Up/Down Counter 668 
Synchronous 4-bit Binary Up/Down Counter 669 


@ 4-BIT, 5-BIT SHIFT/STORAGE REGISTERS 


Function HD74 Series HD74S Series | HD74LS Series 





4-bit Right-shift, Left-shift Register 95B 
5-bit Shift Register (Dual Parallel-in, Parallel-out) _ 
4-bit D-type Register (with 3-state Outputs) _ 
4-bit Parallel-in, Parallel-out Bidirectional Shift Register 194A 
4-bit Parallel-in, Parallel-out Shift Register (J-K Inputs for First Stage) 195A 


© 8-BIT SHIFT REGISTERS 














Function HD74LS Series 





8-bit Shift Register 
8-bit Parallel-out Shift Register 

Parallel-load 8-bit Shift Register 

8-bit Parallel-in, Parallel-out Bidirectional Shift Register 

8-bit Parallel-in, Parallel-out Shift Register (J-K Inputs for First Stage) 
8-bit Universal Shift/Storage Register 


@ ENCODERS 
Function HD74 Series HD74S Series | HD74LS Series 


10-line-to-4-line Priority Encoder 
8-line-to-3-line Priority Encoder 





® DECODERS/DEMULTIPLEXERS 


Function HD74 Series HD74S Series | HD74LS Series 


BCD-to-Decimal Decoder 42A 42 
Excess 3-to-Decimal Decoder 43A - 
Excess 3-Gray-to-Decimal Decoder 44A - 
3-to-8-line Decoder - 138 
Dual 2-to-4-line Decoders/Demultiplexers _ 139 
4-line-to-16-line Decoder/Demultiplexer 154 
Dual 2-line-to-4-line Decoders/Demultiplexers 155 
Dual 2-line-to4-line Decoders/Demultiplexers (with Open Collector Outputs) 156 


4-line-to-16-line Decoder/Demultiplexer (with Open Collector Outputs) _ 


(to be continued) 
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@ DECODERS/LAMP DRIVERS/BUFFERS 
























Function HD74 Series HD74S Series | HD74LS Series 
BCD-to-Decimal Decoder/Driver (with 30V Outputs) 45 - - 
BCD-to-Decimal Decoder/Driver (with 15V Outputs) 145 - 145 
BCD-to-Seven Segment Decoder/Driver (with 30V Outputs) 46A - _ 
BCD-to-Seven Segment Decoder/Driver (with 15V Outputs) 47A - 47 
BCD-to-Seven Segment Decoder - - 48 
BCD-to-Seven Segment Decoder - - 49 
BCD-to-Decima! Decoder/Driver (with 60V Outputs) 141 _ pa 
BCD-to-Seven Segment Decoder/Driver (with 15V Outputs) - - 247 
BCD-to-Seven Segment Decoder/Driver - - 248 
BCD-to-Seven Segment Decoder/Driver - - 249 
@ LATCHES 
Function HD74 Series HD74S Series | HD74LS Series 
Quad, Bistable Latches 75 - 75 
4-bit Bistable Latch - - 77 
Quad. S-R Latches 279 - 279 
8-bit Addressable Latch - - 259 
Octal D-type Latches (with 3-state Out., Common Enable) 373 
Octal D-type Latches (with 3-state Out., Common Clock) - - 374 
4-bit Bistable Latch - - 375 








@ RANDOM ACCESS MEMORIES (less than 256-bit) 


Function 
64-bit Random Access Memory (16W by 4b) 
4-by-4 Register Files (with Open Collector Outputs) 
4-by-4 Register Files (with 3-state Outputs) 















@ ARITHMETIC ELEMENTS 

















Function HD74 Series HD74S Series | HD74LS Series 
4-bit Binary Full Adder 83A - 83A 
4-bit Magnitude Comparator 85 - 85 
Quad. 2-input Exclusive-OR Gates 86 86 86 
Quad. Exclusive-OR/NOR Gates _ 135 - 
Quad. 2-input Exclusive-OR Gates (with Open Collector Outputs) 136 - 136 
8-bit Odd/Even Parity Generator/Checker 180 - _ 
4-bit Arithmetic Logic Unit/Function Generator - 181 181 
Look-Ahead Carry Generator (for ALU) 182 182 _ 
Dual Carry Save Full Adders H183 - - 
Quad. 2-input Exclusive-NOR Gates (with Open Collector Outputs) - ~_ 266 
9-bit Odd/Even Parity Generator/Checker - 280 280 
4-bit Binary Full Adder (with Fast Carry) 283 ~ 283 
Quad. 2-input Exclusive-OR Gates - - 386 


(to be continued) 
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® DATA SELECTORS/MULTIPLEXERS 


Function HD74 Series HD74S Series | HD74LS Series 


16-bit Data Selector/Multiplexer 





8-bit Data Selector/Multiplexer (with Strobe) 151 151 
8-bit Data Selector/Multiplexer - 152 
Dual 4-line-to-1-line Data Selectors/Multiplexers - 153 
Quad. 2-line-to-1-line Data Selectors/Multiplexers 157 157 
Quad. 2-line-to-1-line Data Selectors/Multiplexers 158 158 
8-bit Data Selector/Multiplexer (with Strobe and 3-state Outputs) 251 251 
Dual 4-line-to-1-line Data Selectors/Multiplexers (with 3-state Outputs) - 253 
Quad. 2-line-to-1-line Data Selectors/Multiplexers (with 3-state Outputs) 257 257 
Quad. 2-line-to-1-line Data Selectors/Multiplexers (with 3-state Outputs) 258 258 
Quad. 2-input Multiplexers (with Storage) - 298 


@ MICROPROCESSOR SUPPORT FUNCTIONS 
Function HD74 Series HD74S Series | HD74LS Series 


Octal Buffers/Line Drivers/Line Receivers (Inverted 3-state Outputs) 240 
Octal Buffers/Line Drivers/Line Receivers (Noninverted 3-state Outputs) 241 
Quad. Bus Transceivers (Inverted 3-state Outputs) 242 
Quad. Bus Transceivers (Noninverted 3-state Outputs) 243 
Octal Buffers/Line Drivers/Line Receivers (Inverted 3-state Outputs) 244 
Octa! Bus Transceivers (Noninverted 3-state Outputs) 245 
Octal Bus Transceivers (Inverted 3-state Outputs) 640 
Octal Bus Transceivers (Noninverted Open Collector Outputs) 641 
Octal Bus Transceivers (Inverted Open Collector Outputs) 642 
Octal Bus Transceivers (Noninverted 3-state Outputs) 645 
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[ ADVANCED LOW POWER SCHOTTKY TTL HD74ALS SERIES | 


ALS Series attracting the users’ attention as the standard logic 
have also added to our logic family, At present, only the 
following types are being introduced, but our company is 


= PERFORMANCE (per gate) 





7V 


n} | s 
So 
< 


ommon 


Performance ALS Series Parameter 
Propagation delay Voz (lo. = 8mA) 
Power dissipation Von (lon = -400uA) 
Speed-power product Vit 

Vin 

Ai 

Ting (Ving min.) 

® LINE-UP 
Type Function 

HD74ALS00 Quadruple 2-input NAND Gates 
HD74ALS01 Quadruple 2-input NAND Gates with Open Collector Outputs 
HD74ALS03 Quadruple 2-input NAND Gates with Open Collector Outputs 
HD74ALS04 Hex Inverters 
HD74ALS05 Hex Inverters with Open Collector Outputs 
HD74ALS08 Quadruple 2-input AND Gates 
HD74ALS09 Quadruple 2-input AND Gates with Open Collector Outputs 
HD74ALS20 Dual 4-input NAND Gates 
HD74ALS21 Dual 4-input AND Gates 
HD74ALS22 Dual 4-input NAND Gates with Open Collector Outputs 
HD74ALS74 Dual D-type Edge-triggered Flip-Flops 
HD74ALS109 Dual J-K Positive Edge-triggered Flip-Flops (with Preset and Clear) 
HD74ALS112 Dual J-K Negative Edge-triggered Flip-Flops (with Preset and Clear 
HD74ALS113 Dual J-K Negative Edge-triggered Flip-Flops (with Preset) 
HD74ALS114 Dual J-K Negative Edge-triggered Flip-Flops (with Preset, Common Clear, and 
HD74ALS175 Quadruple D-type Flip-Flops (with Clear) 
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making every effort to develop not only SSI but also MSI, to 
meet your needs. 


« MAIN CHARACTERISTICS (7a = -20 ~ +75°C) 


max. 
0.5V 


oc 
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|CMOS LOGIC HD14000B/UB SERIES | 


FEATURES 

Low Current Drain ...... 0.5nA typ./Package (Vpp=5V) 
High Noise Margin 45% typ. of Vpp, 30% min. of Vpp 

Wide Supply Voltage Range ............ Vpp=3~ 18V 
Wide Operating Temperature Range ........ ~40~+85°C 
Capable of driving two low-power TTL loads, one low- 
power Schottky TTL load, or two HTL loads over the rated 
temperature range 

@ Industry-standardized (E!A/JEDEC) family specification 

@ Parameters specified at 5, 10, and 15V supply 


= SELECTION GUIDE 
@ NAND Gates 


» ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage -0.5~+18 


Input Voltage (All inputs) ~0.5~Vpp+0.5 


Output Voltage 
Input Current (per Pin) | lin | 10 
“40-85 
-65~+150 
| Po | 





























Operating Temperature 





Storage Temperature 
Power Dissipation 





®@ Decoders/Encoders 
BCD-to-Decimal/Binary-to-Octal Decoder 





HD14028B 





Quad. 2-input NAND Gate HD14011B 
Quad. 2-input NAND Schmitt Trigger HD14093B 
Triple 3-input NAND Gate HD14023B 
Dual 4-input NAND Gate HD14012B 
8-input NAND Gate HD14068B 


pee ee Cee ear ee 
@ NOR Gates 

Quad. 2-input NOR Gate 

Triple 3-input NOR Gate 

Dual 3-input NOR Gate plus Inverter 
Dual 4-input NOR Gate 

8-input NOR Gate 


@ AND Gates 
Quad. 2-input AND Gate 
Triple 3-input AND Gate 
Dual 4-input AND Gate 
@ OR Gates 

Quad. 2-input OR Gate 





HD14001B 
HD14025B 
HD14000UB 































HD14078B 












HD14081B 
HD14073B 
HD14082B 





HD14071B 





Triple 3-input OR Gate 
Dual 4-input OR Gate 





HD14072B 


@ Complex Gates 





Quad. Exclusive-OR Gate HD14070B 
Quad. Exclusive-NOR Gate HD140778 
Triple Gate (Dual 4-input NAND and 2- 

input NOR/OR or 8-input AND/NAND) BDIASOTO8 
Dual Expandable AND-OR-INVERT Gate HD14506B 
4-bit AND/OR Selector (Quad. 2 channel HD14519B 


Data Selector or Quad. Exclusive-NOR Gate) 


Dual 5-input Majority Logic Gate | HD14530B 


Hex Gate (Quad. Inverter plus 2-input NOR 











plus 2-input NAND) mr anec UE 
@ Inverters/Buffers/Level Translators 
Dual Complementary Pair plus Inverter HD14007UB 
Hex Inverter/Buffer HD14049UB 
Hex Buffer HD140508 
Hex Inverter HD14069UB 
Strobed Hex Inverter/Buffer HD14502B 
Hex 3-state Buffer HD14503B 
Hex Schmitt Trigger HD14584B 






4-bit Latch/4-to-16-line Decoder (high) 
4-bit Latch/4-to-16-line Decoder (low) 
8-bit Priority Encoder 

Dual Binary-to-1-of-4 Decoder/Demultiplexer 


Dua! Binary-to-1-of-4 Decoder/Demultiplexer 
(Inverting) 


BCD-to-Seven Segment Decoder 


HO14514B 
HD14515B 
HD145328 
HD14555B 


HD14556B 
HD14558B 








































®@ Display Decoders 





BCD-to-Seven Segment Latch/Decoder/Driver |} HD14511B 
BCD-to-Seven Segment Latch/Decoder/Driver | HD14543B 
@ Multiplexers/Demultiplexers/Bilateral Switches 

Quad. Analog Switch/Quad. Multiplexer HD14016B 
Quad. Analog Switch/Quad. Multiplexer HD14066B 
Triple 2-channel Analog Multiplexer/ 

Demultiplexer HD14053B 
Dual 4-channel Analog Multiplexer/ 

Demultiplexer HD140528 
Dual 4-channel Analog Data Selector HD145298 
Dual 4-channel Data Selector/Multiplexer HD14539B 
8-channel Analog Multiplexer/Demultiplexer HD14051B 
8-channei Data Selector HD14512B 
4-bit AND/OR Selector HD14519B 


® Schmitt Triggers 
Quad. 2-input NAND Schmitt Trigger 


HD14093B 
Dual Schmitt Trigger 
Hex Schmitt Trigger 





@ Flip-Flops/Latches 


Dual Type D Flip-Flop HD14013B 
Dual J-K Flip-Flop HD14027B 
Quad. Latch HD14042B 
Quad. NOR R‘°S Latch HD14043B 
Quad. NAND R-S Latch HD14044B 
~ Quad. D-Type Register HD14076B 
Quad. Type-D Flip-Flop HD14175B 
Dual 4-bit Latch HD14508B 
Hex Type-D Flip-Flop HD14174B 


(to be continued) 
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© Shift Registers 
4-bit Parallel-In, Parallel-Out Shift Register 
4-bit Bidirectional Universal Shift Register 
“Dual 4-bit Static Shift Register 
8-bit Static Shift Register 
8-bit Static Shift Register 
8-bit Universal Bus Register 
18-bit Static Shift Register 
1-of 64-bit Variable Length Shift Register 
Dual 64-bit Static Shift Register 
128-bit Static Shift Register 


® Counters 


Seven-Stage Ripple Counter 
Decade Counter/Divider 








HD14035B 
HD14194B 
HD14015B 
HD14014B 
HD14021B 
HD14034B 
HD14006B 
HD14557B 
HD14517B 
HD14562B 





HD14024B 
HD14017B 





Presettable Divide-by-N Counter HD14018B 
2 ee 


Decade Counter (Asynchronous Clear) 

















HD14160B 


























Decade Counter (Synchronous Clear) HD14162B 
BCD Up/Down Counter HD14510B 
Programmable Divide-by-N 4-bit Counter (BCD) | HD14522B 
12-bit Binary Counter HD14040B 
14-bit Binary Counter HD14020B 
Octal Counter/Divider HD14022B 
4-bit Binary Counter (Asynchronous Clear) HD14161B 
4-bit Binary Counter (Synchronous Clear) HD141638 
Binary Up/Down Counter {H D14516B 
Programmable Divide-by-N 4-bit Counter (Binary) | HD14526B 
Dua! BCD Up Counter HD14518B 
Dual Binary Up Counter HD14520B 
Dual Programmable BCD/Binary Counter HD14569B 
3-Digit BCD Counter HD14553B 





Real Time 5-Decade Counter 


HD14534B 

















Industrial Time Base Generator HD14566B 
® Oscillators/Timers 

25-Stage Frequency Divider HD14521B 

Programmable Timer HD14536B 

Programmable Oscillator/Timer HD14541B 
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CMOS LOGIC HD14000B/UB SERIES 


®@ Phase-Locked Loops 











Phase-Locked Loop HD14046B 

Phase Comparator and Programmable Counter HD14568B 
@ Multivibrators 

Dua! Precision Retriggerable/Resettable 

Monostable Multivibrator HD145388 
@ Adders/Comparators 

4-bit Full Adder HD14008B 

Triple Serial Adder (Positive Logic) HD14032B 

Triple Serial Adder (Negative Logic) HD14038B 

NBCD Adder HD14560B 

9's Compiementer HD14561B 

Look-Ahead Carry Block HD14582B 

4-bit Magnitude Comparator HD14585B 
@ ALU Rate Multipliers 

BCD Rate Multiplier HD14527B 

2x2-bit Parallel Binary Multiplier HD14554B 

4-bit Arithmetic Logic Unit HD14581B 


© Parity Checkers 


12-bit Parity Tree HD14531B 


@ Memories 






































4x4 Multiport Register HD14580B 
64-bit Static Random Access Memory HD14505B 
256-bit Static Random Access Memory HD14537B 
256-bit Static Random Access Memory ~THD14552B 
1024-bit Read Only Memory | HD14524B 
@ A/D Converter/Logic Functions 

Microprocessor Based A/D Converter HD14443B 
Microprocessor Based A/D Converter HD14447B 
Successive Approximation Register HD14549B 
Successive Approximation Register HD14559B 
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[LINEAR ICS | | 


@ Line Up 
‘ : = Fe Package Code 6 ; 
HighSpeed SATII || ata Fairchild uA7T5C 
oan pHA17458 {| | PB | | «GBC NS LM1458 
rath : p si 
oo | eo fHat7a7_| bPt4 | | DG14 |__| Fairehila uA7476 
|HA17904 [ ~—{| ops | | DG-8 | NS LM2904 
}HA17301 | DP-14 | == | DG-14 | —_| Motorola MC3301 
ee rHAi7902| oP-14_| | DG14 |__| NS LM2902 
Scie pi ARR ES Texas TLO82/A 
Amplifiers |HA17083/A | DP-14 | ss | DG-14 | ———_—[ Texas TLO83/A 
[Single = —<“<;‘;S*S* ATID «S| Cs] TT 
vote (universal ~——S=s=~*‘“‘;C*C*#*ATQI’”=«”=SC~*~‘(;«éP@® |S «(OGe 
oltage 
Gaiiparsichs wt TS ops | _|_DG8_ [NS LM2903 
fHaAiso7, [| | | OG | 
usd. «i atv007 | opt || -oGaa |_| NS LM2001 
[Variable | 2~37V,150mA | HAI7723, | | | (G14 | | Fairchild wA723C 
[5v,1A——s=«i HANNO =| T-220AB[— | | Fairchild wA7805C 
| 6V,1A ss HA17806«=[ T-2200B{ —_— <ss| S| | Fairchild wA7806C 
[7V,1A Ss HAI7807_—“[T-2200aB; — ($e | | 
| 8V,1A ss HA17808 «=| T-2200B{ = ss{| | S| Fairchild wA7808C 
|12V,1A ss { HAI7812_—«{ T-2200aB/] || Fairchild pA7812C 
| isv,1A Ss HAT7815 =[T-22000B{ — | |__| Fairchild wA7815C 
voltae |e, [Tev.IA——«ATer® | T-20aB [|= aroha wa7@10C 
Regulators | 24v,1As[HA17824 [T-2200B] | | Fairchild wA7824C 
HA178M05 [T-220AB/; || S| Fairchild pA78MOSC 
HA178M06 [T-220aB| | |S Fairchild wA78MOGC 
| 7V,05A | HAT78Mo7 [T-22008| =| | 
Ha17emos [T2008 | |__| ___| Fairchild wa7amoac 
| 12V,05A | HA178M12_|T-220aB[| | | S| Fairchild wA78M12C 
[15V,0.5A | HAI78M15 |T-2200B| | Fairchild wA78M15C 
HAI7EM18 [Faire wa Tamrac 
[Switching Regulator Controler |HAI7524 | oP1e | | | | Satna 
[Bit Double Integral Type A/D [HAVeSISA | oP2@ | | -+i| ——_—~s 
Pre [HA17008 | pP-16 | =| =| ‘| Analog Device DACO8 
A/D, D/A }HAI7408_—| oP-16 | | S| Ss AMD. AM1408 
HA16633_ | DP-42 | | TY 
(to be continued) 
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INTERFACE CIRCUITS 


Package Code 


rT pata [ _| Fairchild wA733C 
| oG14 |__| RCAcA3045 
| DG-8 | Signetics NE555 


Functions Type No. 


Differential Video Amp. HA17733. | 
watiay | 
Preciion Timers RATT85_ |__| Fa 


Other HATO 
Function Electric Leakage Breaker HA16636* 


Burner Controller HA16605W 

oe Positive Supply | HA16617 DP-18 
uorescent 

Display Driver | Negative Supply | HA16619 DP-18 


* Preliminary. 





INTERFACE CIRCUITS 


. Package Code 
Functions Type Cross-Reference 


Texas SN75109 
Texas SN75110 
Triple 

3 
Triple 


Dual NAND + NPN Transistor HD75450A 
Dual AND HD75451A DP-8 


al Dual NAND DP-8 
Dual OR oP-8 

Dual NOR DP-8 

Quad. TTL-MOS Clock Driver 


Memory Quad. TTL-MOS Clock Driver HD2916 
IC Memory - 
Suport Quad. ECL-MOS Clock Driver 


Quad. ECL-TTL Driver HD2923 
Other Printer Driver HD2919 


Driver 


G-14 Texas SN75188 
Texas SN75107A 
Texas SN75108A 


Line Driver/ 
Receiver 


Receiver 


Texas SN75154 
Texas SN75189 
Texas SN75450A 
Texas SN75451A 
Texas SN75452 
Texas SN75453 
Texas SN75454 


DG-16A 


DG-16A 
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[LSI FOR SPEECH SYNTHESIZER SYSTEM | 


PMOS 3-chip System 
OUTLINE OF BASIC DEVICE 







Type name 
HD38880B 


128k-bit 
ROM 


EPROM 
interface 


HD38881P 











HD38882P 


HMCS40* 
Series 





*See 4-bit microcomputer item. 


System Features 

@ High tone quality 

Since a PARCOR system is employed and the bit rate can 
also be taken up to 2400~9600 bits/sec, high tone quality 
is made possible. 

© Synthesizing of women’s voice is also possible. 

Synthesizing of women’s voice besides men’s voice is also 
possible with the adoption of the voice canal loss effect. 

@ Variation of speaking speed 

The same speech can be spoken slowly or fast by micro- 
computer control. 

® Vocalization with accurate scale 

By producing the pitch through external synchronization, 
singing of a song with accurate scale is possible. 


BASIC SYSTEM COMPOSITION EXAMPLES 


© Case of using mask ROM 


Oscitlator 


HMCS40 Series HD38880 
(Controller) (Synthesizer) 
T 


{128k bit ROM) 
x 16max 


Explanation of function 
Speech Synthesizes the speech by reading out a prescribed characteristic parameter 

synthesizer from the ROM chip according to the command from the microcomputer. 
Analyzes the speech which should be synthesized in advance and stores the 
extracted characteristic parameter. 
Capable of 1M-bit connection when using EPROM. 

Contoliae Performs overall control so as to synthesize special speech under suitable 

conditions. 






Outline 





@ Long-period voice capacity 


A maximum 16 ROMs can be connected without an inter- 
face circuit and vocal sound of 50~100 seconds (2400 
bit/sec) can be synthesized with 1 ROM. 

Speaker direct drive 

The speaker is directly driven by the built-in D/A converter 
and the speaker driving circuit. In addition, speech of 
higher tone quality and high power is possible by providing 
an externally attached D/A converter and speaker driving 
circuit utilizing the digital output. 


® Case of using EPROM 


Oscilator 


VALID 
HMCS 40 BOATA ES 


Series {Synthesizer} 
(Controller) A 


ADR 
HN 462716 


\ interface / 
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LS! FOR SPEECH SYNTHESIZER SYSTEM 


= SYSTEM SPECIFICATIONS 


Item Content 
System PARCOR system 
Voice channel mode vais canal lg etiectlenianea/non lrteney Go Senate 
Vicice snares model pavacouontea soon wave/triangle wave ............. Selectable 
Sampling frequency 8 kHz 


Frame period (ms) 


Bit rate (b/s) moo 4800 9600 
° 


Variable speaking speed Variation of frame period is possible from -30% to +60% by 10% steps. 
Pitch Integral times of 125 us/External synchronization ................. Selectable 
Speaking time 50~ 100 sec/ROM (2400 b/s) 


CMOS 1-chip System 


« OUTLINE OF BASIC DEVICE 


Explanation of function 


Speech Synthesizes the speech by reading out a prescribed characteristic parame- 
ter from the internal ROM or the external ROM according to the command 
from the microcomputer. 











Outline 





HD61885 














HD61887 Synthesizer 






(Expanding ROM) 
Performs overall control so as to synthesize special speech under suitable 
conditions. 






(HD44881) 128k-bit ROM DP-28 


« SYSTEM FEATURES 


© 1t-chip system @ Long-period voice capacity 
Including synthesizer, 32k-bit ROM and interface circuit. A maximum 16 ROMs can be connected without an inter- 
® High tone quality face circuit and vocal sound of 50~100 seconds can be 
Since a PARCOR system is employed and the bit rate can synthesized with 1 ROM. 


also be taken up to 1250~9900 bit/sec, high tone quality @ Low power dissipation (Standby mode) 
is made possible. 


= SYSTEM SPECIFICATIONS 
Item Content 
System PARCOR system 
Voice channel model 10 step digital filter 
Sampling frequency 10 kHz 
Bit rate (b/s) 1,250 ~ 9,900 
Frame period (ms) 10/20 
Variable speaking speed -25%, 0, +25% 
Speaking time 10 ~ 20 sec (internal ROM) 
Supply Voltage 5V single (3.6 ~ 5.5V operation) 
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LS! FOR SPEECH SYNTHESIZER SYSTEM 


« BASIC SYSTEM COMPOSITION EXAMPLES 






@ Key Input ® Code Input 











Ceramic 
Oscillator 


HD61885 DAO 


Synthesizer ) 
+32kbit ROM 












Filter Amp 


®@ Microcomputer Control 







HMCS4O Series 








HD61885 DAO 


(Controller) 


964 @ HITACHI 





LCD DRIVER SERIES 


® LCD DRIVER SERIES CHARACTERISTICS 








7200 

(CG) *% 

(external ) 
65536x8 


7200 6240 


Se Ce 
80x8 200x8 


7200 
(CG)*3 
80x8/64x8 
(CG)*3 


Power Dissipa- 


32x8 


Type Number HD44100H | HD61602 | HD61603 Hitep.) | HO44101H HD43160AH|HD44102CH/HD44103CH| _HD61830 
g | Process = =~———«| CMOS CMOS CMOS CMOS CMOS CMOS CMOS CMOS 
5 | Supply Voltage (V) [5*7 | ee ees 5*! 5*! Ee 
(°C) | -20~+75*?| -20~+75 | -20~+75 | -20~+75*?| -20~+75 | -20~+75 | -20~+75 | -20~+75 | -20~+75 
5 Temperature 
n 
S 0.5(5V) |05(5v) | 1.75 i175 [100 | 30.0 


Memory 
RAM (bits) 


Interface 
(CPU) 


Interface 2 
(Driver IC) 


Interface 
(External 
ROM,RAM) 








= 
w 








Functions 


_= 
nN 


Number of 
Inst. 


Free (N) Static, Static 1/8, 1/11, 
LCD Duty 1/2, 1/3, 1/16 
Drive 1/4 

1/2, 1/3, 1/2, 1/3 1/4, 1/5 

1/4, 1/5 


Nx40 204 Seg- 64 Segment! 16 Digits 
Display Capability Matrix ment (1/4 (5x7 Dots | (5x7 Dots 
(1/N Duty) | Duty) 1/16 Duty) | 1/14 Duty) 
Expandable| Expandable! Display to 
to 80 Digits} to 32 Digits} 80 
using using Digits using 
HD44100H |} HD44100H | HD44100H 


Ww © 
w 


1/8,1/12, | 1/8, 1/12, | 1/8,1/12, | 1/1 ~ 
1/16 1/16, 1/24, | 1/16, 1/24,} 1/128 
1/32 1/32 


32x50 - 

Dots 

(1/32 Duty) 
Display to 
524288 
Dots using 
HD44100H 


1/7, 1/14 


1/4, 1/5 











16 Digits 





















Comment 






*1: Except Power Supply for LCD. 
*2 > -40~+85°C (Special Request). Please contact Hitachi Agents. 
*3: CG; Character Generator. 


@ HITACHI 965 


| CODEC/FILTER COMBO LSI 











































Data 
0 

































m LINE UP 
Voltage Reference 
Series Type Package Comp. CR Gener- | Internal | External | Internal PCM Bit 
Law Filter i f Clock 
Adj. Adj. Clock Required 
HD44210A! DC-28 | 4 
External | External 
4 128kHz 64 ~ 
210} HD44211A; DC-24 A = 
44210 211 C-2. 150mWw Yes Resist. Clock 2048kHz 
Required | Required 
HD44212A| DC-24 BR 
44220| HD44222 | pc-16 | u ea - External 64 ~ 
2048kHz 
HD44231B | DG-16B8); A | 
HD44232B | DG-16B; uv 
44230 60mW | Yes Yes Yes - Devider 
HD44233B| DG-16B]; A 
HD44234B | DG-168; yu 





Adaw: Europe & International Telephone. 
u-law: US.A,, Canada & Japan 
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Signaling 


Decoder 
Shift 








(13.6dB) 







Input 
Amp 
Gain 


Resist. 


10k2 


3k2Q 





Auto 
Zero 


Yes 


(Externat 
1 cap. 
Required) 
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